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Foreword 



"Weights and Mmiitcs, " said John Quincjr Adams m 1821, "may be ranked among the 
necessaries of life to every individual of human society." That scntiincnt, so appropriate to the 
agranan past, is even more appropriate to the technology and commerce of today. The order chac 
we enjoy, the confidence we place in weighing and measnring, is in large pore due ro the measnns- 
mcnt standards that have been established. This publication, a reprinting and updating of an earlier 
publication, provides detailed information on the origin of oar standards for mass and length. 




EnNEST Ambler 
ActiKgDmettr 




Preface to 1976 Edition 

Two publications of the National Bureau of Staadards, now out u£ print, that deal with 
weights and measures have had widespread use and are still in deraaad. The publications are NB5 

Circular 593, The Federal Basis for Weights and Measures (1958), by Ralph W. Smith, and NBS 
Miscellaneous Publication 247, Weights and Measures Standards of the United States— a Brief 
History (1963), by Lewis V. judson. 

To meet thr current demand for information on the history of weights and measures in the 
United States, Miscellaneous Fublicatiua 247, referred to above, updated where needed to bring it 
into accord with current usage, is reprinted in this Special Publication, together with a brief 
addendum rluu lHscusscs important events involving weights and measures of the period 1963- 
1975, immcLli.ucl\ following thr orisjinri' dare of pulMicarion of MP 247. NH? Cir-uhir V•)^ i<; not 
being reprinted because of the signihtant overlap of material treated in the two publications. 
Those interested in a detailed account of the Federal legislative backgioaod in the field of weights 
and measures urit^ u ' 'lan l.u.Is liouKl refer to MBS Gtcular 593 in one of the luote than 100 
depository libraries throughout the country. 

Lou» E. Bakbrow 



Preface lo 1963 Edition 



In 1905, Louis A. Fischer, then a distinguished metrologist on the staff of the 
NarioMl Boieaii of Scandavds, presented a paper entitled "History of die Standard 
\^>iL'ht$ and Measures of the United Srit : " before the First Annual Meeting of 
the Scalers of Weights and Measures of the United States. This paper quickly came 
to be considered a classic in its iieU. It was pabUthed by the National Bureau of 
Standards aevcral times— most feceotly in 1^} as Miscellaneous Publicatic n 4 
For some time it has been out of print and in nccJ of up-to-date revision. The 
present publication covers the older historical material that Fischer so ably treated; 
in addition, it iododes a bdef summary of imporunc later dcvdopmenis aSteting 
the units and standards for length and mass. (Liberal ose of Mr. Fiidier'a text is 
made in this publication.} 

Lswn V. JtmMiM. 
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Weishts and Measures Stondardi of the United States 

o brief hittory 

Lewis V. judson 

A hinoiic«l accoont h givoi vt the stiUMUrdt of weights and mnsom of (be United Sutcs him the 
tune of dw American KeraliniiaD thraugh die year 1962.<'Cnnait and Uitarical fCaadafda of length and 
n»» now in tbc poiienioo of the Natkmsl Buteaa of Standards are Uited aad deieribcd. 

1. Introduction 



WhcD a housewife buys a quart of milk, when a mid- 
wet'tern fanner sells hia grain crop — in all prcscnt-day 
commercial transactions — there is an implied faith 
that as goods arc exchanged for money there is the 
same fast balance for buyer and seller, la the early 

Javs i)f thii Louiitry iud) fairh was nfren lacking. 
Great variation existed in the weights aod measures 
used in different localities, and even] at tunesi in 
those used by different individuals in the same lo- 
cality. The transition from rhis .haotic situation 
to the present uniformity of weights and measures 
has tesuloed from the establishment of accurate, 
reliable national standards of Icmith .ind mass anJ rhr 
eoactmeot of comprchcosivc weights and measures 
statutes. 

The present highly precise, and extremely stable 

national stanJarJs for these quantifies were not 
achieved overnight, or even in a decade. They arc 
the results of a long period of gradual evolution based 
on the c'cdicatcJ efforts of men who rccoiznizcd the 
growing need for accuracy of measurement. The 
story of this devtlopiment is an interesting one that 
is of considerable historical importance, and is told 
in the pages that follow. 

* The addcadnm oo pafc 23 coven the period 1SNS3-1976. 



In 190S, Louts A. Fischer, then Giief of the Metrol- 
ogy Division of the National Bureau of Standards, 
presented a historical treatment of the United States 
standards of weights and measures before the First 
Annual Meeting of the Scalers of Weights and Meas- 
ures of the United States. Although .) i^rcat deal has 
occurred in weights and measures smce then, Fischer's 
account has come to be considered a classic and will 
be used freely in the present pabIicadoo» cither 
verbatim or with such modifications as seem appro- 
priate. 

Fischer's paper was published first in the Pro- 
ceedings of the First Annual Mcctinj^ of the Scalers 
of Weights and Measures (now the National Con- 
ference on Weights and Measures^, then published in 
volume 1 of the Bulletin of the Bureau of Standards, 
then as a reprint designated as Scientific Paper No. 17 
of the Bureau of Standards, and finally as Miscel- 
laneous Publication No. 64 of the National Bureau 
of Standards, an tllusrr.ircil r.^irion of the address 
designated as a memorial to Fischer. Even though 
this last publicati(Mi has long been exhausted, de- 
mands fur it still continue, emphasizing the present 
need for an up-to-date historical treatment. 

1 
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The place of Louis A. Fischer in mctrolog>' has been 

so a'il\ tlc^i i il cd in the Foreword to Miscellaneous 
Publication No. 64 that it is reproduced here vcrb^itim. 

As i matter o( bUcorickl reccwd, it is Appropri Atc hctc to coimncnf 
briefly upon Mr. Fischer's career as a mctrologist, which bcg.trj v.nh. 
hu eotrjr. in 1S80, iato cbc Krvice of die Office ofSuuduil Weight! 
aod VSeuam ul the Gouc ttid Geodeiic SarKf. Stuiiag in the 
workshop, where he was trained in tbe fabricadoa (rf precise stand- 
ards, he scr%-ed in alt branehe* of the work op to the making of the 
most accurate determinations of length and mass, and by 1S98 he 
wa« in immedute charge of the wcighu aod me»Mre» oi&ce. When 
the Bwcaa ol Seutduds wu enaUi^ted in ISOl thn office wm naile 
a part of the new bureau, and in the new organization became the 
division of weights and measures of the Bureau of Standards. Mr. 
Fischer was at once made chief of this division, a position which 
he &iled with cooiptcaoiu credit from that time cootiituoiuljr until 
hiidctihin 1921, except whiboadu^ with tlie United StateiAiiii^ 
during World War I. 

Throughout the nearly 20 yean of hi» lervice with the Bureau of 
.S;..ii.i.irJs, .\lr_ Fis;hLr w.is pr jniincQtly idcri:ilic^! ith every inovc- 
mect in the Uoited Succs tuviag to do with the science of meuology 
cir the npervisioo of conaeicial wei^tt aad meMutc*. He became 
one of the world'l feieflint experts in the CODptfison of funda- 
menul precision mndatds of length, his work at the International 
Bureau of Weights and Measures in the rt ji inip. ris m .f ;-rtain 
metet ban being especially aoteworthy and laying the foundatioo 
far a ttHtfiM^ iotetcompariioii of M oaiioiul {voraiypes with 
the international standard. 

Mr. Fischer's services during the WorW War were of inestimable 
value. As technical advisor of the War Department in gauge stand- 
ardixation he was in large meaiuie retpoiuibk fot the cAcicnt manu' 
factiwe aod iiu|)ecti<ia of munitiaiM in the may plain* throughout 
the country, by reason of his thorough practical knowledge of the 
subject and the tireless energy he displayed in standardizing and 

2. EcNrly History of Wcishtt and 

Throoghout its early history, the United States 
Government showed extensive interest in uniform 
weights and measures; several etforts vircrc made to 
secure intematioaal agi«ein«at« in this field. This in- 
terest has continued through the yean and is stronger 
novir than ever before. 

The histtuy of the original Confederaucm of Statsi 
and of the coosdtuiiaoal govcnunent of die United 
States reveals much evidence of tljc jvi plcxitics .irising 
from the diversity of %vciglits and incisures among the 
States and of the desirability oi a uiuiorm system. 

The weights and measiives in OHnnion use in this 
country at the time of the American Revolttdon were 
prncrit.illv nl! of Fnclish origin and were intended to 
be equivalent to those used in England at that period. 
The principal units were the yard, the avoirdupois 
pound, the gallon, and the bushel. More or less 
authentic copies of the Fncclish st.in^.irds of tlic dc- 
nominrirsons mentinncJ had been brought over from 
time to time and adopted by the different colonies. 



coordinating the fr.a^ufa<t";nr!g processes and the activitiei of die 
hundreds of establishments engaged in this vital work. 

Nor were hit achiereaieiitt 1m ooiemMthy in the atone piOMic 
field of superriiion of the weighing and measuring devices used in 
everyday commercial transactions, .\pprcciatiiig as he did the fact 
:h.it tundamcntal st.iiLJ.irJs of precision mean but little to the busi- 
ness life of a commuaity uaiil tlieae toutdaidi are ttantlatcd into 
aeciuacy at the aieiidMiiia' conatna. Mr. Kacba uaceaiiJtgljr de- 
voted his energies to the task of developing efficient and comprehen- 
sive weights and measures soperviMon on the part of the several 
States and their local subdivisions, to which agencies the Congress 
hat left the adnuoistration of this importaat function of gorcm- 
meat. At early as 19QS he conceived the idea of ao andnal ooolef^ 
ence of State and local oAoert eluurgid with the control of weights 
and measures in their lespecttve iuritdictions, and in that year called 
a meeting of such officers as were then engaged, directly or indirectly, 
in this work. This iim meeting had a toul attendance of but 11 
petaoMa and it wac hefaie Urn ainall gathcting iliat Mr. Flacher 
delivered the paper which is publiihed herew ith, and which has 
since become the clanic reference on this subject. From its humble 
beginniCj.;, h ■• L vcr, the Annual Conference on Weights and Meas- 
ures has grown uneit today it is truly natioaal in its scope, and num* 
bers rmong its tnenbert wei^ti aod raeaauret oAeett from all tnits 
of the UnircJ St.itcs, as well as scores prhc-!, rcpr-t.rTirstivcj of 
business and industry, who are interested in its objects and accom- 
plishmenta. Widi the Cooiinence aa one of tlie impoftani mediuna 
through which to wock, Mr. Fischer was unceasing ir: h:; cff.nrr-: r > 
carry to others his own liiro conviction of the tremendous iinportaoo: 
to every community of adequate weights and measures tupervitioil, 
and to instill into those intrusted with the administration of weights 
and tDcasurcs laws his own high ideals of the responsibility which 
it theirs and of the service which they should render. As a result, 
it may truly be tatd that Louis A. Fischer is the father of what we 
know today at weights and measures control in the Uoiccd Sutes. 

Measures in the United States 

Divergencies in these weights and nteastires were, 

however, quire common, due no doubt to the fact 
that the system of weights aod measures of England 
was not itself well established, and hence the copies 
brought to this country weteofcen adjusted to diffeteot 
standards. 

That this condition was recogntaed very early is 
made evident by the Articles of Confederation, ratified 
by the colonies in 1781, u bich conr.u'ncd :be following 
clause: The United States in Congress assembled 
shall also have the sole and exclusive right and 
of regulating the alloy and value of coin struck by 
their owe authority, or by that of the respective 
States — fixing the standard of weights and measures 
throughout the United States - . . . ." This power 
was transferred to Crmgress by the Constitution of the 
United States, effective 1789, in article 1, section 8, 
which reads: "The Congress shall have Power . . . 
To coin Money, regulafc the Value thereof, and of 
foteign Coin, and &x the Standard of Weights and 
Measuies." 
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While Congress was not slow to take action in re- 
gard to coiaagc, it seems uot to have been inclined to 
come to a decision in regard to weights and measures, 
though apparently willing enough to consider the 
subject. Washington, in his first annual message to 
CoQgrcss, January 1790,' stated chat "uoiformicy in 
the corrcncy, weights, and measures of die United 
States is an object of great importance, and will, I am 
pcr";i!,idcd, be duly attcnJcJ to " In .icCuriJatiLL with 
Washington's suggestion, the matter was rcicrrcd to 
a select committee of the House of Representatives 
witli ir.bmxd'uns to prepare a bill, and it was also 
ordered tiiat the matter be referred to the Secretary of 
State to prepare and report to the House a proper plan 
for establishing uniformity in the weights and meas- 
ures/' JctTcrson was then Secretary of State, and in 
response to the above request made a report, in which 
he proposed two distinct plans. The first was sub- 
stantially to "'define in.l render uniform and stable 
the existing system * * * to reduce the dry and liquid 
measures to corresponding capacities by establishing 
a single gallon of 270 cubic inches and a bushel of 
eight gallons, or 2,160 aihi: inches * * * " The 
second plan was "to reduce every branch to the same 
decimal ratio already established for coin, and thus 
bring the calculations of the principal affairs of life 
within the arithmetic of every man who can multiply 
aud divide plain numbers."' 

No action was taken, however, by the House and 
in his secfnd message ro Congress, on December 8, 

1790. Washington agam called the attcotioa of thai 
body to the importance of the subject,* A few days 
later the House ordered that the Jefferson report, 
referrct! to above, be communicated to the Senate. 
On March 1, 1791, the Senate committee to which the 
matter had been referred reported that it woald not be 
eligible to make a change in the weights and measures, 
as a proposition had been made to the French and 
Britidi Goyenmients to obtain an international stand* 
ard.* This report was accepted and the matter 
rested there, althoup.h W.ishington, on (/)Ltohcr 2S, 

1791, repeated his former recommendations in ins 
third annnal message to Congress, in the following 
language:" 

A uoifocmitjr in the weights «nd measures of tbe conntry is smoag 
the iropomnt objecn submitted co you by cheCons«cufion and if it 

L.iii K .iLrivfd from ;i st.iiiJ.ird at once invariable and universal, 
must be no less honorabk to the public coujiciU thaji coaducive to 
th» psblic conT cwiciKC. 

tMcasscviiid Papers of tbePnridcotilfjk 48k 

• Cbamiilml Baglshir 8, p. UXL 

• loanMI ar tlK a.R. CbiMB * SmilM, pt. US. 

« Mtiiitci nd Vipen sfthe PraMtnti ■» p. SI. 
tJonnalortliBSMiiitiv p.MSiJo]inL. Fanao. 

• ManaKs and Papers «( Uw PiHldaiit* 1, p. tOk. 



A week later the Senate appointed a committee to 
take into consideration the subject of weights and 
measures. The committee reported on the 4th of 
April 1792, recommending .lie adoption of the second 
plan proposed by Jefferson, which was an entirely 
decimal system. Again no dchnitc action was taken. 
The matter was considered in a deralnM>' way by 
Congress from jii., u) time, hut no agreement was 
reached notwithstanding that the repeated recom- 
mendations of Washington were followed by those of 
Adams. A sufficient explanation for the disinclina- 
tion of Congress to act in a matter of such admitted 
importance was the dithculty of agreeing upon a plan. 

The fifth Congress, second session, in 1799, passed an 
act ordering that the surveyor (of each port of the 
Unite J St.LtLs) "shall * » * from time to time, and 
particularly on the first Mondays in January and July 
in each year, examine and try the weights, measures 
and other instruments, u>cl! In .is^ert.iiniiig the duties 
on imports, with standards to be provi.icd by each 
collector at the public CJcpcnsc for that purpose, and 
when disagreements and errors are discovered, he 
shall rcix)rt the same to the collector, and obey and 
execute such directions as he may receive for correcting 
thereof, agreeably to the standards aforesaid ***."'' 

This was the first act passed by Congress in regard 
to weights and measures, but, in view of the fact that 
no standards had ever been adopted, the legislation 
was not put into operation until about thirty-five 
years after its p:issage, when certain standards, which 
will be referred to later, were adopted by the Treasury 
Department. 

After the war of 1812 the question of uniformity in 
weights and measures was again brought to the 
attention of Congress, and in 1819 a committee of the 
House of Rcpresenutives proposed to adopt absolute 
standards conforming to the weights and me:isures in 
common use; to obtain through a commission copies 
of the yard, the bushel, the wine gallon, and the pound 
supposed to conform to those in common use in the 
United States; to preserve fliese <;rand,i-\!s .ind to 
distribute copies of them; to compare tlic length 
measure with the length of the second's pendulum 
and also with that of an arc of the terrestrial meridian; 
to connect them by determining the weight of a 
certain bulk of distilled water, and to define the 
bushel and the gallon by the weight of water which 
ihcy contain.- No further record of the report is 
found, and it may be assumed that no action upon 
it was taken . The Senate had, by a resolution adopted 
March 3« 1817— two years prior to the above report-* 

• StotMci tt Urge >> p- M- 

• EmciuIw Doe. No. Ta, SHh Cans., i*t mu.. Smmic. 
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This weight was legalized by act of Congress, May 19, 1828, as the 
"standard troy pound of the mint" to regulate the coinage. It 
was displaced as the standard for the coinage by act of Congress, 
March 4, 1911, when the "standard troy pound of the Uurcau of 
Standards" was adopted for this purpose 



requested the Secretary of State to prepare and report 
a ■■statement" relative to the regulations and stand- 
ards for weights and measures in the several States 
and relative to the proceedings in foreign countries 
for establishing uniformity in weights and measures, 
together with such propositions relative thereto as ^ 
might be proper to adopt in the United States. 

John Quincy Adams was at that time Secretary of 
State, and four years later, on February 22, 1821, he 
submitted an elaborate report to the House of Repre- 
sentatives in which he reviewed the history of weights i 
and measures in England, on the continent of Europe, 
and in the United States. He considered in detail 
the history of the metric system, and analyzed its 
merits and deficiencies. That system, a logical deci- 
mal system of weights and measures based upon 
measurements of a quadrant of the earth's meridian 
and the mass of a measured quantity of water, was 
one of the new ideas resulting from the French Revo- 
lution. 

The basic unit of the metric system as originally 
conceived was to be a meter, a unit equal to one ten- 
millionth part of a quadrant of the earth's meridian 
as measured from the North Pole to the equator. A 
cube having sides of length equal to one-tenth of a 
meter was to be the unit of capacity, the liter, and 
the mass of a volume of pure water equal to a cube of 
one-tenth of a meter at the temperature of melting 
ice was to be the unit of mass, the kilogram. 

The necessary measurements and the construction 
of standards was entrusted to committees ('■commis- 
sions") composed of members of the Institute of 
France C 'Institut National dcs Sciences et des Arts") 
and of deputies from other countries. The first 
undertaking was that of making extensive geodetic 
and astronomical measurements along a meridian 
from Dunkirk to Barcelona using the toise, an old 
French unit of length equal roughly to 6 U.S. feet 
and by modern measurements found to be equal to 
1.949 090 meters, as the unit of length and computing 
the length of a quadrant of that meridian. From 
these results there was constructed a one-meter bar of 
platinum, the length of which was intended to be 
the one ten-millionih part of the length of the merid- 
ional quadrant. This bar, having its length define J 
by the distance between its two ends, became the 
"Meter of the Archives." 

Twelve iron copies of this meter bar were con- 
structed by a committee under the special direction of 
J. G. Trallcs, the deputy from the Helvetic Republic. 
Two of these copies were assigned to Trallcs, who 
then gave one, known in this country as the "Com- 
mittee Meter," to his friend Ferdinand R. Hasslcr 
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who was selected by President Jefferson to be in 
charge of the Survey of the coast of the United States. 
As will be seen, this bar later played an important 
part ia the weights and measures of this country. 

After the Adams report h.iJ reviewed rhe status of 
weights and measures at home and abroad, iadudiog 
an analysis of the advaatages aai disadTantages of 
the metric system, it made a number of recommen- 
dations, the final ones being "1. To fix the standard, 
with the partial uniformity of which it is susceptible, 
for the present, ezclndtng all inoovation. 2. To 
consult with foreign nations, for the future uu! 
olttmate estabiishmeot of universal and permanent 
nniibnnit^." 

Am before, Gxigsess took no actiaa» probably 

because the situation ar that time was extremely 
complicated. Neither the metric system in France 
nor the system in oommon ose in England was well 
established. In France, the law making the metric 
system compulsory had been repealed, and the metric 
aystem was in use side by side with the ancient 
weights and measures, thus producing endless con- 
fusion. In England the sitti.ition was not much 
better; the ale gallon of 262 cubic inches and the wine 
gallon of 231 cubic inches were both in use until 
1824, when the new imperial gallon, containing 
10 pounds of water, and of a capacity of about 277)^ 
cubic inches, was adopted, together with the bushel 
of 8 gallons. Neither of these measures was in use 
in this country, and hence the United States could 
not at that time adopt cither the system in use in 
England or the one in France without introducing 
radical changes in thL- weights and measures already 
in use, nor was there at chat time any positive as- 
surance that either the English or the metric system 
would be permanent. 

While Congress had been cnnsidering the matter, 
most of the States had, independently of one another, 
secured and adopted standards. Most of the stand- 
ards thus adopted were brought from England ; never- 
theless, standards of the same denomination differed 
widely among themselves, thus perpetuating con- 
Auion in the commerce between the States. 

Thouph Lonfusitm in commercial transactions 
might be tolerated, uncertainty in regard to the 
coinage could not be tolerated, and on May 19, 1818, 
a certain troy pound was adopted as the standard for 
coinage by Congress in an "Act to continue the 
Mint at the City of Philadelphia, and for other 
purposes." Section 2 of this act reads as follows: 

AnJ It it fuTthtr macttJ, That, for the purpose of sccuriiijr .1 due 
CQittortniiy in weight of the coini of (be Uniied Sutes * * * the 
buH troy pound wcij^hc procuied bjr the nriiiicier of che Uoited 



States at London, in the year one thousand eight hur^erti 
twcnty-scvcn, for the use of the mint, and now in the custody of 
the Mint at Philadclplua, shall be the standard troy pound of the 
Mint of (be Uoited States, coafono«bl]r to which the coioage 
thcRof shall be ttsnlated. 

The troy pound thus adopted had been procured in 

1827 by Albert Gallatin, United States minister at 
London, and brought to this country by special 
messenger, who delivered it to the director of the 
Mint at Philadelphia. The weight was of brass and 
an "exact" copy of the imperial troy pound of Great 
Britain, according to the statement of Captain Kater, 
who made the comparison between the two standards. 
The casket and accompanying packages were retained 
under seal until President Adams visited Philadelphia 
and verified Gallatin's seal and the other facts in 
regard to its authenticity. 

This ceremony took place on October 12, 1827, and 
the full ccrcihcatc of President Adams in regard to 
the seal, which he readily recognized, and to the 
whole transaction and consequent accuracy of the 
weight was added to the vouchers in the case He 
declared, in conclusion, his belief that the brass 
weight then exhibited was the identical pound copy 
of the imperial standard troy pound of Great Britain. 
These facts were communicated to Congress through 
Ownmittce on the Mint and resulted in the passage of 
the act cited above. This act was not modi tied until 
83 yenrs later, in 1911. A report of Samuel Moore on 
the onguiai troy pound of the Mint, giving many 
incecestiog details, is reproduced in appendix 2. 

While the act of Congress of 1828 only in.Tdc this 
pound the standard for coinage, it virtually became 
the fundamental sundard of the United States from 
which the avoirdupois pound in common use was 
derived . 

On May 29, 1630, two years after the mint pound 
had been legalised for coinage, the Senate passed a 
resolution directing the Secretary of the Treasury to 
cause a comparison of the weights and measures in 
use at the principal customhouses to be made, and to 
report to the Senate at its next session. 

Steps were promptly taken by the Treasury Depart- 
ment to comply with the resolution of the Senate. 
The pcelimhuury report of F. R. Hasskr, Sapcrinceod- 
ent of the Coast Survey, to whom the investiganoil 
had been intrusted, was transmitted to the Senate on 
March 3, 1831; * a more complete report followed in 
June 1832. 

As was anticipated, large discrepancies were found 
to exist among the weights and measures in use at the 
different ports, some being too small and others too 

• Am H.H. Docs. Kik SHt m I^g^ M M 
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large, but the average value of the various denomina- 
tions agreed fairly welt with the weights and measures 
in use in Great Britain at the time of the American 

Rcvolutinn 

Without waiting tor authority irom Congress tiic 
Treasury Department took immediate stet>s to correct 

the situation by having constructed, under Hasslcr's 
dirccuoa, the necessary weights and measures for the 

3. Units and 

Before weights and measures could be constructed, 

however, it was necessary for the Treasury Efcpartment 
to decide upon certain units and to adopt standards, 
that is, the material representatives of these units. 

A clear understanding of the difference between 
"units" aiiil "standards" will aid the reader in the 
sections tliat follow. 

A tmit is a determinate quantity (that is, one 
established by definition) in rcrrr.s of which values, 
quantities, amounts, or magnitudes are expressed. 
Being fixed bjr definition, a tutt is itself independent 
of physical conditions— as, for example, temperature — 
even though it may be defined in relation to some 
object that is affected by such conditions. Thus a 
parttcnlar unit of capacity may be defined as a volume 
of a specified number of cubic inches; the United 
States gallon is so defined — as a unit of 231 cubic 
inches. Or again, a particular unit of length may be 
defined as a distance conetponding to dbe interval 
between ccrtnin engraved lines on a certain metal bar 
when measured under specified conditions, including 
those of the support and the temperatue of the bar; 
until October 1960 the meter unit was SO defined in 
relation to the interna t;onal meter bar. 

A jtanisnd is the physical embodiment of a unit. 
Jn general a standard is not independent of physical 

4. Early United 

The units finally adopted by the Treasury Depart- 
ment in 1832 were the yard of 36 inches, the avoir- 
dupois pound of 7,000 grains, the gallon of 2M luImc 
inches, nnd the hushcl cif 2,150.42 cubic inches. The 
standard yard adopted was the 36 inches comprised 
between the 27th and the 63d inches of a certain brass 
bar, commonly designated as an B2-in:h bar, prepared 
for the Coast Survey by Troughton of London. 
Hassler had brought this bar to the United States in 
1815, after he had been detained in Europe for several 
years by the War ol 1 51 2. The 35-:n ch space referred 
to was supposed to be identical with the English 
standatd at 62 ^F, although it had never been ditecdy 
compared with that standard. 



customs service. The divergencies among the 
weights and measures in use in the customs service 
were directly opposed to the spirit of the Consti- 
tution, which requires that all duties, imposts, and 
excises shall be uniform throughout the (Juitcd States," 
and the Secretary of the Treasury felt fully authorisged 
in taking steps to sccure uniformity whiMi discrepan- 
cies were found. 

Sfandardi 

cooditions and is a true embodiment of the unit only 

under specified conditions. Thus a 1-gaIlon metal 
sundard will have a capacity of I gallon only when 
the standard is at a certain temperature; at any other 
temperature the capacity of the standard will have 
been increased or decreased as a result of the expansion 
or contraction of the metal caused by the temperature 
change. Or again, a length standard having a nominal 
value of one yard will have an actual value of one 
yard otily when at one particular temperature and 
when supported in a certain manner; a lowering of its 
temperature will cause the standard to shorten, a 
raising of its temperature will cause it to lenetben, 
and a change of the manner in which it is supported 
may introduce a change in its length. 

When a unit is defined in terms of a standard, the 
latter acquires a fundamental character; the Interna- 
tional Prototype Nfeter was such a standard until the 
meter unit was redefined in 1960. Standards are clas- 
sified into groups, according to their iKir.uter, the 
order of their accuracy, and the order ot their legal 
or other importance. Thus there are, for example, 
international and national "protocvpei," StJte"refer- 
encc" standards, "laboratory working" standards, 
"lield" standards, and vuious" classes" of standards 
established largely on the basis of design and accuracy. 

States Standards 

it IS evident from Hasslcr's reports that he regarded 
the English yard as the real standard of length of the 
United States and the Troughton scale merely as a 
copy whose length should be corrected if it was sub- 
sequently foimd to differ from the English yard; and 
this view was taken by others who subsequently had 
charge of our star. d.ifik, as will be sho%vn later on. 

The avoirdupois pound adopted by Hassler as the 
standard for the Treasury Department was derived 
from the troy pound of the Mint according to the 
equivalent, 1 avoirdupois pound equals jj^ pounds 
troy. This was the accepted relation in this country 
.1^ u L 1 1 as in England; hcncc both the troy and avoit^ 
»artM*i, m% dMiw 1. 
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Under the terms of an act passed in ISiS the Secretary of the Treasury was directed to furnish balances to the States. As furnished, a 
complete set of these balances comprised a SO-pound balance, a medium balance of about 10 pounds capacity, and a small balance of about 
1-pound capacity. (Sec note 11, p 8.) 

These balances are on display at the National Bureau of Standards. 




Standards of length, mass, and capacity furnished to the States under the joint resolution of Congress of June 14, 1836. 

In the illustration the half-bushel measure is at the upper left, the liquid measures — 1 gallon to !i pint— at upper right; slicker plate* arc 
in position atop each of these capacity measures. The 13 weights at the left are troy standards. Avoirdupois standards are above and to 
the right of the troy weights. In the foreground arc the yard and matrix. 
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dupois pounds adopted were in practical accord 
with the aimilar standards of Great Britain. 

The unit? of cip.icity, namely, the wine gallon of 
231 cubic inclics and the W inchester bushel of 2,150.42 
cubic inches, were adopted because, as intimated, they 
represented more closely than any other English 
standards the average of the capacity measures in use 
in the United States at the date of Hassler's investi- 
gation. Hie wine gallon was introduced as a wine 
measure into Erml.nid in 1707, Juring the reign o( 
Queen Anoc, but it was abolished in 1824, when the 
new imperial galkm, containing 10-pounds of water, 
was made the standard. This last statcmcnr applies 
also to the bushel of 2,130.42 cubic inches. This 
bushel is the earliest English capacity measure of 
which wc have any record, a copy of it made by order 
of Henry VH being still in existence. But this bushel 
had also been abolished iu England, it having been 
superseded by the bushel of 8 imperial gallons. 
Therefore neither the gallon nor the I^ushcl adopted 
by the United States Trcisury Department was in 
accord with the legal capacity standards of England, 
but they were smaller by about 17 percent and 3 per- 
cent, respectively, and these differences exist at the 
present time. Not only did they differ from the new 
Standards in Great Britain, but they also differed from 
tbediscardcd English standards from which they were 
derived for the reason that Hassler selected the tem- 
perature of the maximum density of water as the tem- 
perature at which the United States measures were 
standard, whereas their English prototypes were 
standard at 62 °F. The numerical value in degrees 
Fahrenheit of the temperature at which water has its 
maximum density was determined In Hasilcr to be 
39.83 '^F; later and more precise determinations have 
shown this to be 39.2 *P. 

Such, then, were the fundamental standards adopted 
by the Trcastirv Department on IlassUr's rccommcn- 
daticoi and the weights and measures for the customs 
service weic constructed to conform to these. The 
construction of the weights and measures for thi< 
purpose was pushed with almost feverish haste, and 
so well satisfied was Congress with the progress made 
that the following tesolution was passed and approved 
June 14. 1836: 

JLu»lnd tki StMti mi Hmt if MffrttiiUMtM »J th$ UnM Suitts 
tfAmtrks in Ctnpm tmtmUtJ.TbMt the SecKtaryof ihe'DnHnry be, 

and he li re-! ", iy. directed to .in^c j . omplcte set of all weights and 
measures adopted is standards i;-d now either made or in piogrcss 
of nuoobctura for (he use of the several cutcom-houscs, and for 
other potpacet, to be delivered to the govenuw of each Snoe ia the 
Uoioa, or luch perioa as he may appoint, for the nte of the Sam, 
m pc ctw cly, to the end that a unifurni standard of weights tai 
measotei SMy be cst«bluhe<l throoghout the Uniied States. 



While the resolution does not specifically adopc the 

standards described above, its practical effect was to 
make them the standards for the United Stares, inas- 
much as the weights and measures distribuicd to the 
States in accordance with the act were in almost every 
case adopted by the State legislatures soon after their 
receipt. 

By 1S36 the weights for the States were reported 

finished, and, during the following year, the weights 
for the cu<;tomhnus<rs were rninplctcJ and delivered." 

The resolution of 1836 was supplemented by Con- 
gress by the act of July 7, 185B, an act having the 
original purpose "to priuiJc for the support of the 
Military Academy of the United States for the year 
183S." One of several amendmenti to this act» how- 
ever, reads as follows: 

That the Secretaty of the Treasury cause to be made, under the 
superintendence of Mr. Hassler, one standard balance for each State, 
nod that when completed he cause them to be dclivefccl to the tc- 

spective Govcrnorii fnr the n;; uf :h~ r;s;vjf:M~ Sr-?r«'< 

It is interesting that under this authority balances 
in three capacities instead of one vrere built for the 
States, a large (capacity 50 pounds), a medium 
(capacity about 10 pounds), and a small (capacity 
1 pound). A commentary on this departure from the 
specific terms of the statute is found in House Docu- 
ment No. 159, 28th Congress, 2d Session; this doc- 
ument comprises a report dated February 26, 1845, 
by A. D. Bache, Hassler's successor as Superintendent 
of Wei^ts and Measures, on the progress made in 
the construction of standard weights, measures, 
and balances during the year 1844. Appended to 
Bache's report, as appendix A thereto^ is a special 
report, dated Janinrv 4, 1844. made to the Secretary 
of the Treasury by Edward Hassler, a son of F. R. 
Hassler, who had served for some years as his father's 
assistant in the construction of weights, measures, 
and balances. In this special report Edward Hassler 
quotes that paragraph of the 1838 Act authorizing 
the fiunishing to each State of "one standard bal- 
ance>" and then goes on to say: 

The spirit of the above law is, that the Sum be funiihed with 
means by which they witl be enabled to detemiDe ukj qnectiOii 
that may arise, wid. y.i.h a degree of nicety as to be M nimble 
for all practical purposes as if tkftltailj txttt. 

This object caoim be lecuicd by aajr $inj|ie baiaiue: consequently 
arises the neccnity of seekiag the ben means of aocompiiihiog the 
desired object. ExperieiKe hat proved thtt it cannot be Kcnied 
with sufficient accuracy by less thau three balances. 

Cooteqaeatly, i conaidered myself )usti&»l in carrying oat the 
qpiiit, and teeurinf to the couotry the impoctm sod so-inwh- 
needed object of the law. 

« • * • « 

t> a.R. bM. m, 28tb Crag., aa im. 
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It is not dear from the records now available that 
each State received three balaaces, one of each 
capacity, but ic is known that this was the case in 
some SMtes, and it is presumed that the nomul 
ai>;rrihutioQ was OH the basts of thzce balaaces per 
State. 

By 1S50 practically all the Stales admitted to the 
UmoQ had been supplied with complete sets of weij^ts 
and measures, and, in addition, sets were presented 
to Eoglaod, France, Japan, and Siam> As new 
States were admitted they were also stipplied with 
sets of stand ards» the last of these sets being supplied 
tn North Dakota in 1893. Two special sets of 
standards have since been prepared. One was pre- 
sented to the State of Alaska io 1939 and the other 
presented to the State of Hawaii in I960. 

A list of the weights and measures comprising one 
of the origmal State wrts is given below. 

First. A set of standard weights composed of 
one each of the fbllowiog: 

AToirdupois wei^ts 



Troy weij 



30 


a 


0,05 


0.0005 


25 


4 


0.04 


0.0004 


20 


2 


0.03 


0.000} 


10 


1 


0.02 


0.0002 


s 


"as 


0.01 


a 0001 


4 


0.4 


0.003 




3 


0.3 


0,004 




2 


0.2 


0.00} 




1 


0.x 


0.002 








O.001 




ights 








1 


10 


0,5 


Miim 

0.005 






0.4 


0.004 






0.3 


0. 00) 






0.2 


0.002 






0.1 


0.001 






0.05 


0. 0005 






0.04 


0.0004 






0. 0} 








0.02 


0.0002 






0.01 


O.OOOl 



(The avoirdupois and troy weights 0.03 ounce and 
smaller were mad« of silver wire.) 

Second. A standard brass yard measure, widi 

Matrix. 

Third. A set of liquid capacity measures, consisting 

>* TtedaMoantiani •! aoiM4rf tkB WBiglMawm dwagrt ta «tt 
•nwtUT. BulMdtirdMiDMlfiviatrawaDDBt, writer AiMlMPlnr 



of one of each of tbe following, with its ground- 
glass cover. 

>i gallon 

1 liquid quart 

Ipiat 

Hpiflt 

Fourth A brass standard half-bushel with a 
ground glass cover. 

In order to cany out the provisions of the resolution 
of 1836 and the act of 1838 the Olhce of Weights and 

Mf.isures IiaJ Sc-cn established under the direction of 
the Superintendent of the Coast Survey. All the 
Standards adopted at tbe be^nning of tbe work, and 
subsequently, were in the charge of this Office, with 
the exception of the troy pound of ttie Mint, which 
remained at Philadelphia. 

In October 1B34, the British imperial yard and troy 
pound made in 175S, o! which the Tri^ughton scale 
and the mint pound were supposed to be exact copies, 
were destroyed by the burmog of the Houses of Parlia- 

mcnt. When tlic new imperial standards to replace 

them were completed in 18^3 two copies of the yard 
and one copy of the avoird upois pound were presented 
to the United States, arriving in this country in 1656. 
One of these bars, namely, bronze yard Xo 11, was 
very soon after compared with the Trough ton scale, 
the result showing that the accepted 36 inches of the 
Troughton scilc w.is 0.00087 inch longer than the 
British imperial yard.'^ Tbe second bar received from 
England was subsequently compared with the Trough- 
ton scale and fully corroborated the result obtained 
from the comparison with bronze No. 11 The new 
yards, and especially bronze No. 11, were far superior 
to the Troughton scale as standards of length, and 
consequently they were accepted b\ the Office of 
Weights and Measures as the standards of the United 
States, and all comparisons were afterwards referred 
to the imperial yard through these two standards. 
They were twice taken to England and rcrnmpared 
with the imperial yard, once in 1876 and agam in 1888. 

The avoirdupois pound presented with tbe two 
yards was also compared with the United States 
avoirdupois pound derived from the mint pound, the 
result showing a very satisfactory agreement. The 
advent of the new pound did not, therefore, disturb 
the position of the troy pound of the Mint, or of the 
avoirdupois potmd derived from ic. There is a refer- 
ence concerning this comparison of the pounds made 
by Alexander D. Bache, Superintendent of Wci.!^hts 
and Measur es, in a report dated December 30, 1856 to 

»8n Report of um SMictiiT <K tht IMttdry «tt tte eomtractioB Md 
dBtribiitlwntiiflglit»aBiliwaww»lBM)T. S.Si;Doa.N«.17,SMiC(Mis., 
SdMii. 
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the Treasury Dcpartmcoc C34th Congress, 3d Session, 
Senate Execative Doctunent No. 27, p- 18): 

The copy of the British standard commetdal ponnd was compated 

with ihc American staaj.ird tommeiciil pound- the wcighc used 
being thii nude by Mr. ILasskr irom the truy pound la the Uiutcd 
States mint, aod nurked with a aiar Ccoranioiily desigRaied as the 

In clie scaadards vault of the National Bureau of 
Stiddards there is preserved a 1-pound avoirdupois 
brass knob weighc marked on the top surface of the 



knob with a scar. Although positive ideouficaiioo 
is DOC possible, it seems not onreasoaable to assume 

thac this weight is the standard referred to in the 
Fischer and B.il?i - tr:xf< ('<cc illustration p. 22/"' 

At present there is no United States national proto- 
type avoirdupois pound coostitutiag the ultifflate 
national reference stand..! .' fur avoirdupois standards 
of lower order. Laboratory sets of avoirdupois 
standards arc in use, but thoe are derived from the 
national prototype kilogram. 



5. Use o( Metric System Officially Permitted 



The next and perhaps the most important legislation 

enacted by Congress was rhc ^ct -.if legalizing the 
juctric system of weights and measures in the United 
States. 

The act, which was passed July 28, 1866, reads a$ 

follows: 

B< it ithidiJ hy iIm Uiulf jiiJ H.'uit of RifrtsiKtmita of tht VtlittJ 
Stalts nf Amtricj in On^ttii assimbltJ. That frail) JiiJ alter die pjis.igc 
of this act it shall be lawful throughout the United States .Vtncrica 
CO etaptoir the tmi^n aod nieasvfes of the mecnc system^ and na 
contiaci or dealing, or pleadiiig in am court, shall be deemed invalid 
or liable to objection because the wciglus ot measnic* expressed or 
referred to therein .ire vvcij;hts or measures of the metric system. 

SEC. 2, Aitd it t: jurrbtr (KiictiJ, That tiic table* in the Khcduk 
heteto aanexBd shall be rccogniKd in the caitstruction <A contracts, 
and in all legal proceediags, as ettabiiihing, in terms of the weights 
and measures now in use in the United States, the cquivaleats of the 
weights and measures expressed therein in terms of the metric s\ stem, 
and said tables m*j be lawfully used for computing, dctcnniutng, 
and expRBsing in cnatommy weights and ncasuies the weights and 
measwes of the metric sjrncin. 

(See tables on feeing p^ge.} 

While the above act was being considered, Congress 

.I'sw ccPS'dcrcJ a resolution authnrrrincthc Secretary of 
the Treasury to furnii>h the States with metric weights 
aod measures. Strange to say, this resolution, which 
logically should follow, was approved one day 
before the act legalizing the use of the metric svstem. 
It was a joint resolution and read as follows: 
Br it ni^Vfd ty tbt Smalt md Htnu tf HtfntWtatita «f tbt Unittd 

Statti of Anuricj m Conirtst lijirmUfJ, That the SeCtStary <rf ibc 
Trcasurv be, and he is hereby, authorized and directed to ftimish 
to each State, to be dch\ercd to the jovcnior thereof, one set of 
Standard weights and measures of the meaic system for the use of 
the States, rcsfvctiTely. 

The work of making and adjusting these standards 
fell naturally upon the OiTice of Weights and Meas- 
ures, and the first matter to be resolved was the 
choosing of the reference standards. The practice 
followed by those countries that had adopted the 
mcnric system of accepting the meter and the kilo- 
gram of the Archives of France as fundamental 
standards was followed by the United States. The 

10 



question then was mainly one of securing authentic 
copies of these standards. Fortunately the Office of 
Weights and Measures had several copies of both 
standards of more or less authenticity on hand, 
h it without hesitation the iron bar known as the 
"Comnuttec Meter" and a platinum kilogram, known 
as the "Arago Kilogram," were selected. 

The committee meter has already been mentioned 
as being one t)f the copies of the meter of the Ar^ 
and thus a standard of considerable importance in the 
metric system. As stated before, this bar is made of 
iron, with a cross section of 9 by 29 mm, and its length 
is defined by the end surfaces, which are remarkably 
plane when one considers the age in which the bars 
were made. The bar bears the stamp of the com- 
nuttec, namely, a small ellipse. Three quadrants 
of the elli{»e are shadol and the fourth one clear, 
except for the number 10,000,000, which indicates 
the number of meters in a meridian quadrant of the 
earth. In Hasslcr's report on the construction of 
the meters " it is stared, on the authority of Trallcs, 
that all the meters agreed with the true meter within 
one-miliionch part >(' rli. toisc.'' I'his is eqniv.i- 
Icnt to about two iniilionths of a meter, the toise 
being equal to approximately 1.95 meters. 

When Hassler came to the United States in 1805 
he brought with him the committee meter, which 
he soon after presented to the American Philosophical 
Society of Philadelphia, Pa. Shortly after, when he 
was put in charge of the survey of the coast, the 
meter was placed at his disposal by the Philosophical 
Society, aoii he made it the standard of length for 
that work. Until 1890 all base measurements of the 
Coast Survey were referred to this meter."' Thus it 
was natural that this bar should be selected as the 
sModard to which the State meters shotild coofomi. 

" U.K. r>(n' No- m irii Coni! . wi «-5s.. i>!i. T'., 

■'■ The tr^hc m iis !li>- rn rjcli si.iiiilaiil of lonctli |)rlor to tike udofiUuD of tUe 
ini'ti'.', :;ri<l nil llLf crO'li'tlc :n{-i<uri'i:uTil.< \i]nm wlilcJk itie RKlB' WBS i 
»f rr lUtule will) till' lom: 1(« lviit;lli ii IMM+mctaa. 

•sSpccM PubliOBllMi Mg. 4, U.S. COM ud OcodcUoannwjr. 
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MEASURES OF UNG1H 



Mecric denonuoauooi and vAluet 


Equtvaleoct in dcnooiiiutiaas m uk 


■iUiaeict MMoofftMcr 


6.2137 miles. 

0.62137 mile, or 3,2SO feetMllOiodKI. 
32S ke( iad I inch. 
)93 7 inches. 
39. 37 inches. 

3.937 inches. 

0.39)7 inch. 

OiQlM iocfa. 





MEASURES OF CAPACITY 



Mecric denominacions and values 



Equivalents in denominacions in use 



Hamt 



^ .* 

lUccT.... 

liter 

Hter 

4ccUitcr. 
MoiiUnr 
■iOOiicr 



Haabtt 
of liters 



1 000 
100 
10 

1 

Mo 



CnMc nmiwe 



1 cubic meter 
Ha of a cubic 
10 cubic dccinwten 
1 cubic decimewr. . 
Ktolacuhk 
10 cubic 
loabk 




1.308 cubic yards 

2 busbelt tai yyi fetkt 

9.08 qum 

0.906 quart 

6.1022 cubic iocbei. . . . . 

aOOZ cabic ioch 

AMI eiibfe jack 



Liquid or wioe 
measure 



264.17 gallon*. 
26 417 gmlloM. 
2,6417 galloiis, 
1.0367 quart*. 
0.S4S Jtill 

o.y» 

0JL7 



MEASURES OF SURFACE 



Mnik teaoliHtioa* wai vatnc* 








2.471 acres. 
119.6 square ^ards 



WBlGtm 



Metric denomiMriont and value* 



Eqsivalcon to 



Names 



NuDberof 



Wci^t of what quanucy of water at maximum density 



Avoirdupois ^i((fat 



ffiilliei^M: cocmeM * 

quintal* , 

myriagrani*>. 

kilogram or kilo*.. 

bectograa 

dckagnua 

gram 

decigram 

centigram 



1 000 000 
ICO 000 
10 000 
1000 
100 
10 

1 

Mo 



1 cubic meter 

1 hectoliter 

lOUnrs 

1 liter 

1 deciliter 

10 cubic ceatimetert. . . 

1 cubic centimeter 

Mo of a cubic ceatimcier 
10 cubic fflillimecm. . . 
1 cubic millimeter 



2204.C 
220.46 

ujm 

2.2046 
5.S274 
0.5327 
15.432 
1.5432 
0.1543 
OOIM 



pou nd* . 



ounce, 
grain*, 
grain*, 
grain, 
frain. 



*Ed. NouiTkcK 
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Metric standards of length, mass, and capacity, furnished to the States under the joint resolution of Congress of Juljr 
27, 1866. 

In the illustration the liter Chtrc) anJ thi- dekaliter (decalitre) are at the upper left and center, each with a slicker plate in posi- 
tion. The weights are centrally positioned, in the foreground arc two meter bars, the upper one a line standard and the lower 
one an end standard. 



1 



International 
Standard of Mass 



Calibrated at National 
Bureau of Standards 



Calibrated in 
State Laboratories 



INTERNATIONAL KILOSRAM 



KILOGRAM 20 



NBS UBORATORY STANDARDS 

(Metric and Unittd Statis Ciittainiri) 



STATE REFERENCE STANDARDS 



STATE LABORATORY STANDARDS 



STATE FIELD STANDARDS 



United States National 
Standard of Mass Cali- 
brated at International 
Bureau of Weights and 
Measures 



Calibrated at National 
Bureau of Standards 



CITY AND COUNTY STANDARDS 



I 1 
I I 

L 

REGULATORY CONTROLS ^ 

Progressiun uf standards. 



12 



Google 



The Arapo kilogram was procured in 1S21 by 
G.ilbrin while- minister of the United States to France 
and was sent to this country, together with a plati- 
num meter. The certificate of AragOt the celebrated 
phvsicisT, which accompanied these standan-ls. ^r.iro^ 
that the kilogram differs from the original kilogram 
of the Archives by less than 1 mg. The weight is a 
platinum cylinder with flat bases, the edges being 
slightly rounded. The height and diameter are 
nearly equal, beiag approximately 39.5 mm each. 
There is no scamp or distinguishing mark of any kind, 
except near the center of one base there is a faint lathe 
or tool mark of circular form, thus: O. The weight 
is contained in a square mahogany box, on the cover 
of which is a circular silver plate bearing the inscrijv 
tion ■' Kilogramme compare pour son Poids a I'Etalon 
Prototype des Archives dc France, ct vcrifit par M. 
Arago. Fortin fecit." (Kilogram compared for its 
weight with the protot\ p. standard of the Archives 
of France, .in J verified by Mr. Arago. Made by 
Fortin.) No particulars of Arago's comparison with 
the kilogram of the Archives were furnished, and 
consequently it is nnt known what means he used in 
making his comparison nor whether he reduced his 
weighings to vacuo. It was not until 1879 that the 
Arago kilogram was compared with other standards 
of recognized authority. It is true that it w,i<; com- 
pared between 1852 and 1873 with two kilograms in 
the possession of the Office of Weights and Measures, 
but .li hrAh v>f rhcsi. wci;:hc^ were of brass and of 
unknown density, no great reliance could be attached 
to the results. In 1879, however, it was taken to 
England and there compared with the British plati- 
num kilogram in the custody of the Standards Office. 
This comparison indicated that the Arago kilogram 
was 4.25 mg light, but this result could not be con^ 
sidcred conclusive, on account of certain assi:mptions 
made in the reduction to vacuo and also in regard to 
the correction to the British kilogram. 

In 1B84 the weight was taken (rota the Standards 
Offiic in y.nndon, where it had been since 1879, to the 
International Bureau of Weights and Measures at 
Paris aad there compared with two auxiliary kilo- 



grams whose values in terms of the kilogram of the 
.Archives were known \Mrh the greatest acruracv. 
The result obt.iined from the comparison conlirmed 
that pttviously obtained from the comparison with 
the British kilogram, the result giving 

Arago kilogram«ssl,000g— 4.63 mg. 

As the weights supplied to the States w^ere to be 

made oi "t.ivn, ic \\ .iv m n:\_- L. uir. ciiK'[U to compare them 
witli .; iiruss standard, and in order to do this two 
secondary brass standards were carefully compared 
between the years 1R73-1876 with the Arago kilogram 
and afterwards used in all the work of adjustment and 
vcrilication. One of the kilograms, known as the 
Silbcrmaon kilogram, was presented to the United 
States by France in 1852, togc^Kr wuh a number of 
other weights and measures Tlic other kilogram 
used was one made in the (Jtiice of Weights and 
Measures and was identical in form and material with 
the kilograms subsequently furnished to the States. 

As the unit of capacity in the metric system is 
defined as the volume of the mass of 1 kilogram of 
pure water at the temperature of maximum density, 

the most convenient way to adjust such measures, and 
in fact all capacity measures, is by weighing the 
water they contain. The only two material stand- 
ards that II l I to be considered, therefore, in con- 
nection with the metric weii'htv :iiid measures fur- 
nished to the States in accordance with the act of J 866 
are the committee meter and the Arago kilogram 
dcsirihud .ihove 

By the end of ISSO practically ail the States had 
been supplied with scti of metric weights and meas- 
ures consisting of the following denominations: 



Length mcasuici, , ■ 

Capacic} ineasuKS.. 



Weiefan. 



fOnc brass line merer, 
l Oiie siccl end mct;;r. 
I One liter made of brass. 
(One dekaliter made of hraw. 

One lOkilo/fram made of brass. 

One kilo^i;ra:n made df br.15',. 

One ii-lulogtam made of htm. 

One grun made ot brass. 

One set of small silver weights 
frnra 4 decigrams to 1 milligtam. 



6. International Standards of Weislits and Measures 



It is necessary at this point to go back a few years 
and give an account of the establishment of the Inter- 
national Bureau of Weights and Measures, since the 
present fund.in:cnt.il st.indards of length and mass for 
practically the whole civilized world result from the 
establishment of that institution. 

In response to an invitation of the Ftench Govern- 



ment, the following countries sent representatives to 
a conference held in Paris on August 8, 1870, to con- 
sider the advisability of const r i.t -is; new metric 
standards: Austria, Colombia, Ecuador, France, Great 
Britain, Greece, Italy, Norwa/, Peru, Portugal, 
Russia, Spain, Switzerland, Turkey, and the United 
States of America, IS countries in all. This confer- 
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cage WIS of short duratioa, on account of the war 
tbea racing bctwcea France and Germany. 

A second conference was held two vears later, at 
which 26 countries, including the United States, were 
represented. At this coofetence it was decided that 
new meters and new kilograms should be constructed 
to conform with the original sundards of the Archives, 
and a permaneot committee was appointed to carry 
out this decision. The preparation of the new stand- 
ards had advanced so far by 1875 that the permanent 
committee appointed by the conference of 1872 
fcquesced the French Government to call a diplomatic 
conferettce at Pans to consider vti ether permanent 
means and appliances for the fin.il \ erirication of the 
new meters and kilograms should be provided, or 
whether die woric should be regarded as a temporary 
operation. 

In compliance with this request a conference was 
held in March 1875, at which 20 countries were 
represented, the L^nued States as usual being included. 

On May 20, 1875, 17 of the 20 countries represented 
signed a document known as the " Metric Coovcotion" 
or the "Treaty of the Meter/* This provided for 
the establishment and maintenance of a permanent 
International Bureau of Weights aod Measures to be 
situated near Paris and to be under the control of an 
international committee elected by the General 
Conference on Weights and Measures. 

In addition to the original primary worlc of verify- 
ing; the new metric standards the International Buieau 
was charged with certain dntics, the following being 
the most important: 

(1) The custody and preservation, when completed, 
of tte international pro toty pe s and auxiliary Instna- 
ments. 

(2) The future periodic comparison of the several 
national standards with the intetnatiooal (xototypes. 

(3) The comparison of metric standards with 
standards of other countries. 

The expenses of the bureau were to be defrayed by 
contributions of the contracting governments, the 
amount for each country depending upon the popula- 
tion and upon the extent to which the metric system 
was in use in the particular country. 

Alter ratification by the U.S. Senate and the ex- 
change of ratifications at Pari5, thr Mrtric Conven- 
tion was proclaimed" by Km,hcrJQrd 13. Hayes, 
fftciident of the United States, on September 27. 1878. 

The twenty countries represented at the diplomatic 
conference at which tlic treaty was prepared and 
signed weie Argentina, Auscria-Hongary, Belgium, 
Braail, Deiunark, France, Germany, Great Britain, 
Greece. Italy, the Netherlands, Peru, Portugal, Russi.^, 
Spam, Sweden-Norway, Switzerland, Turkey, the 



United States of America, and Venezuela. Three of 

these countries did not sign the convention at that 
time — Great Britain, Grccic, and the Netherlands. 

Under the terms of the Convention an Intcfoatiooai | 
Gxifecence of Weights and Measures was estaUiihed, j 
to meet once every six years and to comprise official | 
delegates designated by each Power signatory to the 
Convention. The International Committee elected by 
this Cdofetence meets every two years. 

A Convention amending the 1875 Convention was 
signed at Sevres, France, onOLtohcr 6, 1921, after the 
customary preliminaries this was proclaimed by Presi- 
dent Calvin Coolidge on October 27. 1925- Among 

other amendments made, the nrw Tonvention broad- 
ened the scope of the work of the Intcrnatiooal Bureau, 
enlarged the International Committee from 14 to 18 
members, revised the method of calcuhlril^ the con* 
tributlons to be assessed against signatory countries 
for the support of the Bureau, and modified the 
procedure for access to the standards vanlt at the 
International Bureau. 

The number of powers adherintf to the Metric 
Convention— and thus supporting the International 
Bureau— has increased to 44. Argentina, Australia, 
Austria, Belgium, Brazil, Bulgaria, Cameroon, Can- 
ada, Chile, Cjcchosldvakia, Denmark, Dominican 
Republic, tgypt, Feaeral Republic of Germany, 
Finland, France, German Dsmoaatic Rqwblic, 
Hungary, India, Indonesia, Iran, Ireland, Italy, 
Japan, Korea, Mexico, The Netherlands, Norway, 
Pakistan, Poland, Portugal, Rumania, Spain, South 
Africa, Sweden, Switzerland, Thailand, Turkey, 
USSR, United Kingdom, USA, Uruguay, Veoexuela, 
Yugoslavia. 

The International Committee has had as members, 
at one time or another, many of the world's leading 

metrologists. The United States has been represented 
on the Conunitiec by J. E. Hilgard (1875-1887^, 
B. A. Gould (1887-1890. A. A. Michelsoo (1897- 

1904), S. W. Stratton (1905-1931), A. E. Kcnnclly 
(1933-1939), E. C Crittenc!eu (1946-1954). A V. 
Astio (1954-1969), L. M. tiranscomb (1969-1972) 
and E. Ambler (1972- ). 

The liiteraational Bateau of Weights and Measnie* 

is situated in the town of Sivres, France, near the 
Sivres end of the Park of St Cloud, which extends 
between the towns of St. Cloud and Sevres. The 
plot of ground was ceded by Irance to become inter- 
national teiritory. The main office building, used 
also for the library and for the home of the Director, 
was originally a royal dwelling known as the Pa- 
vilion dc Breteuil. The present official address of 
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The International 
Bureau of Weights 
and Measures, 
Skvres, France. 



the bureau is Pavilion dc Brctcuil, Sevres (Scinc-ct- 
Oisc), France. 

The construction of the meters and kilograms had 
been entrusted to a special committee which carried 
out its tasks meticulously and with great scientific 
thoughtfulness. These international and national 
standards were designated as "prototypes,'" a term 
that is confusing in the minds of many people. Not- 
withstanding the dictionary definition of "proto- 
t)'pe" as the original, model, or pattern after which 
something is copied, the term in mctrological 
usage signifies that which is first in status or chief in 
rank or importance, a usage that dates back at least 
to 1875. Thus the expression "International Proto- 
type Kilogram" is used to mean the kilogram stand- 
ard that ranks highest as an international standard, 
that provides the most authentic value in the world 
for the kilogram mass, and not necessarily as the 
pattern for the construction of other kilogram stand- 
ards. The expression "United States National Pro- 
totype Kilograms No. 20 and 4" is used to mean the 
particular kilogram standards, identified as "No. 20" 
and "No. 4," respectively, which standards rank 
highest in this country. 

The international and national prototype meter 
bars, constructed in accordance with the terms of the 
Convention of the Meter of 1875, are of like design; 
the cross section is designed to provide maximum 
rigidity in a bar of reasonably small dimensions and 
mass, and to reduce to a minimum the effects of any 
slight bending that may take place when a bar is in 
normal use. This cross section is a modified X known 
as the "Trcsca section" in honor of the French 
scientist, Henri Trcsca, who proposed it. The overall 
dimensions of the cross section of the prototype meter 
bars are 20 x 20 millimeters. 



In a bar of Trcsca cross section, the upper surface of 
the central rib lies in the plane of the neutral axis of 
the bar, the plane in which any variations in the 
length of the bar that may be caused by slight de- 
formation of the bar arc reduced to the practicable 
minimum. 

The international and national prototypes are 
approximately 1020 millimeters in overall length. 
As originally constructed (some bars have been 
regraduated in recent years), near each end of a bar, 
on the upper surface of the central rib, is a small, 
elliptical, polished area, and on this area arc engraved 
two groups of parallel lines, the first comprising three 
transverse lines and the .second two longitudinal lines. 
The central lines of each of the two transverse groups 
arc the essential defming lines of the bar, the auxiliary 
lines being positioned at one-half millimeter distances 
on cither side. (These auxiliary lines were intended 
for such purposes as calibrating the micrometer 
microscopes of length comparators.) The lines of 
each transverse group arc crossed by the lines of a 
longitudinal group, these latter lines being 0.2 milli- 
meter apart and somewhat more than 1 millimeter in 
length; the longitudinal lines serve to identify that 
small portion of each defining line that is to be utilized 
when the bar is used. Also engraved on each bar is 
its identifying number. 

As for the international and national kilograms, 
they arc in the form of right circular cylinders of 
equal diameter and height — approximately 39 milli- 
meters — with slightly rounded edges. Engraved on 
each is its identifying number. 

Thirty-one meter bars and 40 kilograms were 
constructed under the supervision of the International 
Bureau. The work of construction and calibration 
was completed by 1889; and in September of that year 
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the first General Conference on Weights and Measures 
was held in Paris, and this work was approved at 
this niceting. 

The meter and kilogram that agreed most closely 
with the meter and kilograiii of the Archives were 
declared to he the international meter and the inter- 
national kilogram. These two standards, with 
certain other meters and kilograms, were deposited 
in a subterranean vault under one of the buildings of 
the International Rurcau, where they arc only acces- 
sible when three independent uthcials with different 
keys are present. The other standards were distrib- 
uted by lot to the various governments contributing 
to the support of the International Bureau. Those 
falling to the United States were meters Nos. 21 and 
27 and kilograms Nos. 4 and 20. 

7. TKe Men 




On April 5, 1893, T. C. Mcndcnhall, then Superin- 
tendent of Weights and Measures, with the approval 
of the Secretary of the Treasury, decided that the 
international meter and kilogram would in the future 
be regarded as the fundamental standards of length 
and mass in the United States, both for metric and 
customary weights and measures. This decision, 
which has come to be known as the "Mendcnhall 
Order," was first published as Bulletin No. 26 of the 
Coast and Geodetic Survey, approved for publication 
April 5, 1893, under the title, " Fundamental Standards 
of Length and Mass"; it was republished in 1894 under 
the same title, as appendi.\ No. 6 — Report for 189} 
of the Coast and Geodetic Survey, "to give it a more 
permanent form." In appendix No. 6 there was 
included as an addendum to the text of Bulletin No. 26 
a section headed "Tables for Converting Customary 
and Metric Weights and Measures," comprising 
some text, live customary-to-mctric conversion tables, 
and live mccric-io-customary conversion tables. 
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Meter No. 27 and kilogram No. 20 were brought 
under seal to this country by George Davidson, of the 
Coast and Geodetic Survey. On January 2, 1890, the 
packing cases containing these standards were opened 
at the White House and the standards were accepted 
by President Harrison, who certilicd that they were 
received in good condition and that he confidently 
Itelicved that they were the standards referred to in 
the rcp)rts. These reports, relating to the standards 
in question, had been submitted by B. A. Gould, 
United States delegate to the International Conference 
on Weights and Measures, and by Davidson. The 
other two standards were received the following 
July and were deposited in the Oflice of Weights and 
Measures, where those accepted as national standards 
by the President had already been taken.'' 

enhall Order 

As a matter of interest and record, the full text of 
appendix No. 6 of the Report for 1893 of the Coast 
and Geodetic Survey, with the exception of an 
editorial footnote and the ten conversion tables, is 
reproduced as appendix 3 of this publication. 

The Mendenhall Order initiated a departure from 
the previous policy of attempting to maintain our 
standards of length and mass to be identical with 
those of Great Britain, and thereafter there was a 
small difference between the British and the United 
States yards, a difference which may have been negli- 
gible in 1893 but which became of real inij-<<)rtance as 
the British Imperial Yard bar gradually changed in 
length and as the requirements for greater accuracy 
in measurements increased. 

As has been seen, when the United States yard was 
first adopted upon Hassler's recommendation in 1832, 
it was defined as a particular interval on the Troughton 
bar, through which it was related to the British yard 
standard. The intention was to fix the United States 
yard as equal to the British yard. 

When the "Imperial" system of weights and 
measures was established by the British in 1824, the 
Imperial Yard was defined in terms of a specific yard 
standard and a particular bar was legalized as the 
Imperial standard. In 1834, that bar was so damaged 
in the burning of the Houses of Parliament that 
replacement was necessary; a new bar was constructed, 
and in 1855 this bar was legalized as the new imperial 
Standard Yard. In the course of the years this bar 
proved to be insufficiently stable in length and was 
found to be shortening by measurable amounts. 

I! Uimn Ihr rslalill^litnent u( l>i<' Diirvuu (it i^tandartls on July I, IBOl, all 
gtandurils and other [troticrtj: In possession of th« OiDce of Weights and 
MMHircs passed uoder the control ol the Bureau. 
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For .1 time, efforts were made hy United States 
authoriucs to maintaio equivalence between the 
United States and British yards. Such efforts were 
abandoned, however, in 1893, when the Mendenhall 
Order (sec appendix 3, p. 26^ ULfincd the United States 
yard in terras of the International Prototype Meter. 

The difference between the United States and the 
British yards, prior to the 1959 acrior.^ of both gov- 
ernments in recognizing the new latcroational Yard 
Csee appendix 5, p. 28), reached a maximum nine 
in the order of 0.000 13 inch, the United States yard 
being the longer 

The case of the pound was slightly different as will 
be seen from the record of the values assigned to it 
with resjxct to the kilogram. 

The United States law of 1866 that made the use of 
the metric system permissive, carries the relation, 
1 kilogram = 2. 2046 avoirdupois pounds, an Lqu.mon 
now believed to have been intciukJ a-. simIkuih In- 
accurate for commercial purposes but not as a precise 
definition of the reiationship between basic units. 
This value resulted from a rnunJiiiij ofT of die results 
of an 1844 comparison made in England between the 
British pound and the Kilogram of the Archives 
which gave the relation, 1 pound = 0.453 592 65 kilo- 
gram; this relation was tisc\i in Great Britain and in 
the United States for years. Expressed reciprocally, 
this relation becomes, approximately, 1 kilogram^ 
2.204 621 61 pounds. 

In the Coast and Geodetic Survey Report ior 1893 
that contained the Mendenhall Order, (sec appendix 
3, p. 26), the kilogram-avoirdupois pound relation* 
ships ate variously stated as follows: 



2.2046 * 



= 1 kilogramme 
=453.592 427 7 grammes 



1 pound avoirdupois 

I pound avoirdupois 

2.204 622 34 pounds 

avoirdupois 
1 avoirdupois pound 

A comparison made in 1683 between the British 
Imperial Standard Pound and the International Pro- 
totype Kilogram resulted in the relation 1 Imperial 
Pound =0.453 592 427 7 Kilogram; this relation was 
accepted in both Gfeat Britain and the United States, 
but uniformity bet^vccn the two countries ended in 
1889 when Great Briuin oihcially adopted a rounded- 
off value, making the relation, 1 Imperial Pound= 
0.453 S91 -3 Kilocr.i:a. From its founding in 1901 
luitil July 1, 1959, rlu- \'.iti>)n.il Burc.iu o!" Sr.mdards 
recognized and used the relation 1 pound avoirdu- 
FoU«0.4S3 592 427 7 kilogram. 



This uncertainty as rn the precise values of the 
units of length and ma«s in common use, the yard and 
the pound respectively, was caused by inadequacies 
of the standards representing them. The bronze 
yard \o. H, which w.is an exa- r lopv of rlu British 
imperial yard both in form and material, had shown 
changes when compared with the imperial yard in 
1876 .uiJ 1888 which could not reasonably be said 
CO be entirely due to changes in No. 11. Suspicion 
as to rhe constancy of the length of the British stand* 
ard \v.iv therefore aroused. Neither the troy pound 
of the iiiiir nor the copies of the imperial yard in the 
possession ot the Office of Weights and Measiurcs were 
satisfactory standards. The mint pound is made in 
two pieces, the knob being screwed into the body; 
hence its density can not be determined by weighing 
in water on account of danger of leakage. Moreover, 
it is made of brass not plated, and therefore liable 
rn alteration by oxidation. 

On the other hand, the new meters and kilograms 
represented the most advanced ideas of standards, and 
it therefore seemed that greater stability in our 
weights and measures as well as higher accuracy 
would be secured by accepting the international 
meter and kilogram as fundamental standards. 

Time proved the wisdom of this action, and there- 
fore when the National Bureau of Sundards was 
established in July 1901, it fully accepted the decision 
made by the Oflice of Weights and Measures in 1893 
to adopt the meter and kilogram as fundamental 
standards. 

The Nanonal Bureau of Standards was established 
in response to the requests of scientists, technologists, 
and industrialists that a governmental agency be 
founded to develop standards, carry out researches 
basic to standards, and calibrate standards and devices. 
The Office of Weights and Measures had carried out 
some of this work in its limited field, and the increas- 
ing use of electricity was making the need of a central 
strtr.J.iriHzintr .-iuthoritv nither critical. Similar needs 
were also felt in other fields of science and industry. 

Institutions of the type envisioned had already been 
formed in Great Brtuin and Germany and the Office 
of Weights and Measures was deemed to be a suitable 
nucleus on which to build in this countrv Fortu- 
nately, Congress was favorably impressed with the 
idea and on March 3, 1901 it passed an act providing 
that "The Office of Standard Weights and Measures 
shall hereafter be known as rhe Niition.il Bureau of 
Standards" and setting forth the functions of the new 
Bureau. These functions wei« considerably expanded 
in an amendment passed in 1950. 
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Certificate in relation to the receipt of 
the national prototype metric standards 
of Imgih and i 



The origiiul of (hit oertificate i( preiencd 
in the itandardt Tanlt of tbe Natiooal Bumu 
of Standards. 



CectilicaM Id rdation to tb* ecctoiooyof hmkiiis the 
seals of Meter Ntk 27 end KUogmm No. zo. 

The original of this certificate is prescnxd in the suadarda 
vault of tbe National Bureau o( Standards. Ic »ill be ob- 
lemd that die bK •igmmre on this certificate is that of 
Louis A. Fischer, who signed as Adinster, Office of Weights 
■nd Messnres. 
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Ill expanding the work in weights and measures 
into a natioaal standards bureau, the work in the field 
of weights and measures had more opportunities for 
growth . Mr. Louis A. Fischer, Chief of che Division 
of Weights and Measures from the orgaoizatioo of the 
National I'lurcau of Standards in 1901 until his death 
if! 1921, probably was the hr-^t man in the United 
States to undertake the promotion ot weights and 
measures supervision oo a national basts. In 1902, 
Mr. Fischer directed scattered inspections of weighing 
and mcasuriog devices and transactions involving 
quantities in Kreral of the larger cities in the State of 
New York. The purpose of these visits was to deter- 
mine what amount of pnncction the buying public 
was receiving against short weight and short measure 
in purchases. As a result of this investigation, as 
well as the increasing number of complaints being 
received in Washington, staff members of the National 
Bureau of Standards decided in 1904 to call a meeting 
of weights and measures officials and other officers of 
the State governments to discuss ways and means of 
affording to the public adequate supervision over 
weights and measures in everyday transactions. 

This meeting was held in Washington in 1905, and. 
although mvitations went to all States, the meeting 
was attended by only eleven persons, representing 
eight States, the District of Columbia, and the 
National Bureau of Standards, As it turned our, this 
was the first National Conference on Weights and 
Mcasum, and was the inauguration of meetings that 
have been held annually with exceptions due to ^\ ar or 
other national emergency. Interest, attendance, and 
participation in the Conferences, as well as the 
influence of the Confereoce, have increased steadily, 
The registered attendance at the 47th meeting, held in 

8. Refinement of Values 

Wlicn. rbc N'ariiin.i! Bureau of Standards began its 
work in 1901 the principal units of weights and meas- 
ures in the U.S. customary system were defined as 
follows: 

, 3600 
1 y^''*^~3^37 meter 

1 pound=0.453 592 427 7 kg 

1 gallon-- 231 cu'ml inches 
1 Bushel ==2 130.42 cubic inches 

These definitwns remained unchanged for 38 years, 

and the last two are still the official values. 

The precision requirements in length measurements 
increased greatly during these years, and the differ- 
ences between t'.;: I' Inch .inil :hi- British inch 
became especially important in gage-block standard- 
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Washington during June i9o2, was 420. Out of tlu 
National Conference on Weights and Measures has 

come the basis for uniformity of weights and measures 
law and enforcement activities. 
The delegates to the first Conference and to all 

Mib^ q vient meetings have had as their principal aim 
the .ipplicarion o*" unif .rrn .m l satisfactory standards 
ot measurement to everyday commercial transactions. 

The need for uniformity of State weights and meaS' 
urcs legislation w.is -re rf principal reasons for 
the first nacional meeting of weights and measures 
officials and was considetcd at that time. As the re- 
sult of a resolution of the second meeting, a Model 
State Law on Weights and Measures was composed. 
In the year 1911, after detailed and extensive discus- 
sions, the Sixth National Conference adopted, with a 
few minor changes and addittns ,; Mpi!-] Law that 
had been drafted at the National Bureau of Standards. 
Since that time Ais document has been subject to 
continued study and revisions, additions, and de- 
letions have been made as needed. Thus was made 
available to the States a model upon which individual 
State legislation could be patterned. 

Supplcmcni.il to the Model Law are codes of specifi- 
cations, tolerances, and regulations for commercial 
weighini^ add measuring devices which receive 
especially critical attention, because many of the 
States o/licially adopt these requirements by reference 
or citation with cumulauvc provision, resulting in 
their being given legal status upon adoption by the 
Conference and publication by the Natumal Bureau of 
Standards. Manufacturers of equipment arc guided 
in their engineering designs, and essentially all weights 
and measures inspectors aline their procedureS| 
according to the Conference codes. 

For the Yard ond Pound 

i^.iTion The difference between the U.S. poune and 
the British pound was also rather annoying. As a 
result of many years of preliminary discussion, the 
directors of the national standards laboratories of 
Austrnlin. Canada, New Zea!.i:iJ, South .■y'rica, the 
United Kingdom, and the United States entered into 
agreenent, effective July 1, 1939, whereby uniformity 
was established for use in the scientific and teehnical 
fields. The equivalents 1 yard=0.9144 meter (whence 
1 indi«2S.4 millimeters) and 1 avoirdupois pound *= 
0.453 592 37 kilogram (whence 1 grain ^0.064 798 91 
gram and 1 avoirdupois ouncc = 28.349 523 125 i^rams) 
were adopted for each of these national laboratories. 
It will be noted from the U.S. announcement Qxc 
appendix 5, r ^''^ ^'''•'f ^''"^^ equivalents will 
also be used in this country in trade. 
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9. Wavelength Definition o( the Meter 



It is obvious that exactness in units must have its 
basis in stafida.rds that are as permanent and exact as 
poniblc. Ever since 1890 when Michclson made his 
famous measuremeats of the wavelength of light in 
terms of the meter, metrologists have been giving 
considcracioa to the idea of defining the meter ia 
tcrtns of the wavelength of light. Researches by 
many scientists have been carried out to find a wave^ 
length generally acceptable for use as an ultimate 
standard and to specify the cooditioos of its use. 
Finally, oa October 14, I960, die Uth General Con- 
ference on \\'ci(:hts and Measures adopted a new 
dciinition of the meter as 1 650 763. 73 wavelengths of 
the orangc-ied radiation of krypton 86, or more 
specifically in scientific terms, as 1 650 763.73 wave- 
lengths in vacuum of the radiation corresponding to 
the transition between the levels 2pi<t and 5di of the 
krypton 86 atom. 

The National Bureau of Standards has adopted this 
definition (sec appendix 6, p. 30), and thus it will 
not be necessary for the United States prototype meter 
No. 27 to be taken to the Internation.il Bureau for 
comparison as has been Jonc in the past —in 1903,'"^ 
1922, 1956, and 1957 — where its relation to the inter- 
national prototype meter has been found to remain 
essentially constant. 

The inrcrnarinn;!! prnrorv'ix- merer will cnnrir»ur to 
be mamtaincd at the Intcrnatioiiiu Buix.ui atiJ com- 



parison of national prototypes with it will coottauc 
to be made. Likewise, the national prototype mercrs 
at the National Bureau of Standards will continue to 
be used for many precise calibrations of length stand- 
ards. 

An interesting sidelight on the change in the defini- 
tion of the yard is found in tncasurcments nude just 
prior to April 1893 indicating that 

1 U.S. yard«0.914 399 80 meter 



or 



1 meters: 39.370 09 U.S. inches 

a relation which differs by only 2 parts in 9 million 
from the value finally adopted in 1959. The obsen'crs, 
however, had in mind the value given in the 1866 law 
and noted that the value 1 meter=39>3700 inches "is 
evidently sufficiently precise for geodetic purposes and 
has the advantage of being convenient and easily 
remembered." 

Although some thought has been given to a possible 
iIcfiniriMn of :hc Kilogram in terms of some invariable 
physical phenomenon instead of ia terms of a material 
standard, no satisfactory solution has yet been dis- 
covered. The U.S. national prototype kilogram No. 
?0 was con>pnred w irh i"rer?Mrional standards in 1937 
and 1S/4S wi'Ai c.XLL-lknt results. 



10. Other Definitions of Units 



Three other changes in the weights and measures 
field have occurred during the past 60 years. First, 
there was the change made in 1911 in the law defining 
the troy pound. At that time the wui Ji the stand- 
ard troy pound of the Bureau of Standards of the 
United States" were substituted for the description 
of the troy pound of the Mint. 

\'c\t, in 1913, the intci ti.-.n'onal metric carat was 
defined as the equivalent of 200 iiiilliKrainiy, thereby 



eliminating the use of a number of uooflkial or semi- 
official carats. 

Third, in 1954, the Secretary of Commerce and the 
Secretary of Defense agreed to use the international 
nautical mile in their respective departments instead 
of the older U.S. nautical mile. (See appendix 4, 
p. 28.) The practical effect of this action was thtx 
the use of the U.S. nautical mile has virtually dis- 
appeared. 



1 L Current and Historical Standards of Length and Mass at the National Bureau 

of Standards 



This history of weights and measures in the United 
States concludes with a descriptive list of some of the 
more important standards of length and mass either 



In 1903 Uicre was ftn opimrcnt sshortcninKof spproiimately 0.4,im In meter 
b&r No. 27, bat !!Ghv,'qu> til obaervation!) showed thai ther« had b«en no 
shortening of lhi< Im.-, imi ratlwir a lengthening of the two latxirBtory nuitor 
ban Iliad in the comparisom and amall ctiora ia tba ooeffidaato of Ibaimal 
loIttetastnTglvid. 



(a) currently in use or (hi) not in current use but of 
historical interest, that are in the custody of the 
National Bureau of Standards. 

Standards Currently in Use 

Meter 27. — National prototype meter, a line standard 
made of platinum-iridium, Tresca cross section (modi- 
fied X), received by the United Sutes from the Inter- 
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Formerly the nacioaal prococypc standards of lengch and mass were kept in a cabinet at one 
side of the standards vault, as here illustrated. This view shows Louis A. Fischer, first 
Chief of the Div ision of Weights and Measures uf the Bureau and, as such, custodian of the 
national prototype meter and kilogram. 
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national Bureau of Weights and Measures in 1889. 
This meter was the United States aatioiial reference 

standard for all length mcasuremeocs firom 199} to 

I960, ;in<! 1!^ 1960 hcc.uric rhe prtmarv h.T, secondary 
only to the basic value ot the meter in ccniis of the 
wavelength of Kr**^ light. 

Mtttr 2'. — froTorvpc merer of same ma- 
terial and design as Meter Z7, received by the United 
State* from the IntematiODal Bureau of Weights and 
Measures in 1890. 

Aifffr 12. — A platinum-iridium line-stand, ird merer. 
Trcsca cross section (modihed x;, made of the Alloy 
of 1874," and received by Che United States from the 
Intcrnation.il Bui c.uj nf Weights and Measures in 1889 
It was rcgraduaccd in 1948 by the National Bureau of 
Scaodaids in terms of the wavelength of red cadmium 
light. 

Afffr)- -' — A platinum-iridium graduated line sr ind- 
ard meter, Tresca cross section (modified X;, made of 
the "Alloy of 1874," and purchased by the United 
States in 1907. It is graduated to 1-milIimctcr divi- 
sions for the entire 1-mctcr interval and is of special 
utility in making comparisons of intervals of less than 
1 meter. 

KHop-am 20. — National prototype kilogram, a mass 
standard made of platinum-iridium in the form of a 
cylinder of equal diameter and height, received by 
the United States from the International Bureau of 
\\'eights and Measures in 18S9. It has been the 
United States national reference standard for all mass 
measurements since 1893. 

Ki!o^raMi 4. — National prntnrvpe kilogram of same 
material and design as Kilogram 20, received by the 
United States from the International Bnieau of 
Weights and Meastires in 1890. It is secondary to 
Kilogram 20. 

Skmdards oF Historical Infwvsl 

Cmmttttte AUfer. — An iron end standard of length, 9 
millimeters by 29 millimeters in cross section. This 

bar is one of a group of similar bars made in France in 
1799 by the committee that made the Meter of the 
Archives, whence its designation in the United States 
as the "Committee Meter." This particular bar was 
presented by Trallcs, tbr Sv. is-- member of the com- 
mittee, to his friend F. 11. Hassler; Hauler, in turn 
sold it to a member of the American Philosophical 
Society in Philadelphia, who deposited it with the 
Society. Later the bar was obtained from the Society 
by Hasslcr for the use of the U.S. Coast and Geodetic 
Survey, where it was used as the standard for scientific 
work in the United Sutcs from 1807 to 1893. 
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Aragp Mtttr. — A platinum line standard of length, 5 
millimeters by 25 millinieters in cross section. The 

barwas procured from France in 1821 by Albert Galla- 
tin, Minister of the United States to France, it derives 
its designation from the name of the eminent French 
physicist who certified the length of its graduated 
interval. It appears that tlii'- '■,>: Ii.is ii.- civcl 
essentially no use as a standard in the United States. 

Tnughton Stalt. — ^A graduated line standard of 
length, commonly designated as an 82-inch bar, made 
Tt otighton of London in 1814 and procured in 1815 
for the United States by F. R. Hassler. The bar, )i 
inch by 2J^ inches in cross sectitm, is made of brass 
with an inlaid silver strip on which V(o-inch gradu- 
ations are engraved. The interval between the 27th 
and 63d inch graduations was selected by Hassler in 
1832 to define the United States standard yard, and the 
Troughton Scale retained its position as the primary 
reference yard standard of the United States until 
about 1857. 

Bron:(e Yard Ko. //.—A bronze line standard of 
length, 1 inch by 1 inch in cross section, having an 
overall length of 33 inches. Near each end of the 
bar is a cylindrical well with an inset gold plug, the 
upper surface of the plug being ^-i inch below the top 
surface of the bar. The 1-yard defining lines are 
engraved on the gold plugs. This bar is of the same 
material and form as the British Imperial Yard legal- 
ized in 1855, and was presented to the United States 
by Great Britain in 1856. It was used as the standard 
yard of the United States from about 1857 to 1893. 

Loii Afv.r Iron Yard No. ^"^ An iron line standard 
of length, similar in design and construction to Bronze 
Yard No. 11. It was presented to the United States 
by Great Britain in 1856, and was in use in the United 
States as a standard until 1893, being regarded as 
secondary in importance to Bronze Yard No. 11. 

Committte Kilap^vi:. — \ l>rass standard of mass, 
c\IiiidiK;il, \v:th knob. This standard i^ one of .i 
group of similar standards made in France in 1799 by 
the committee that made the Kilogram of the Ar- 
chives, whence its designation in the LTnited States 
as the "Committee Kilogram." This standard was 
presented by Trallcs, the Swiss member of the com- 
mittee, to his friend F. R. Hassler, Hassler, in turn, 
sold it to a member of the American Philosophical 
Society in Philadelphia, who deposited it with 
the Society. Later, the standard was obtained 
from the Sociity hv H.i^lvi , who made use of it in 
connection with his standards work for the U.S. 
Coast and Geodetic Survey. 

Arago Kilogram. — A platinum kilogram made in 
France by Fortia and certified by Arago. It was pro- 
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cosed in France in 1821 for the United States hy 
Albert Gallatin, Minister of the United States to 
Fraoce. Prior to 1890i this kilogram was used as 
one irf the sttodaidi of die United Stue$. 

Wimmm KUiff»m—A giUed bn» sundird of 
man, cylindrical, with knob. This standard was 
presented to the United States by France in 1852, 
and became a secondary standard in the Office of 
Standard Wei^ts ind Measures of the U^. Coast 
and Geodetic Snnrey, uwd piticiilarly in coonectioii 
with the adjustment and verificatioa of metric stand* 
ards supplied to the States. 

Grap*. — A cylindrical knob weight, one of six made 
is 179} by the Fieoch Temporaty ComtDission oo 
Weights and Measures as representing the unit of 
weight of a proposed system of weights and measures. 
Originally called the grave", in 179S the unit was 
tenamed the "kilogram." This weight is from a set 
of weights brought to the United States in 1793, and 
It appears that the set came into the possession of one 
AndRw Ellicott, at one time an assistant to Ma}or 
Pierre Charles L'Enfant who planned the city of Wash- 
ington. The subsequent history of this set of weights 



is somewhat obscure, but it seems probable that the 
set remained in priirate hands, probably within the 
Ellicott family, until 1952, when what remained of the 
sec was donated to the National Bureau of Standacds 

by its owner at that time, Dr. A. Etlicott Douglass of 
the University of Arizona. 

"ilMr" Afitinkftu Ptmid.—A cylindrical knob 
weight marked on the top surface of the knob with a 
star. Although posirivc identification cannot be 
made, it appears not unreasonable to assume that this 
Standard is the actual weight "made by Mr. Hasskr 
from the troy pound in the United States mint, and 
marked with a star (commonly designated as the srar 
poundX" as referred to by A. D. Bache, Superin- 
tendent of Weights and Measures, to his report of 
December 30, 1856, to the Secretary of the Treasury. 

Imperial Avairdiifoii Pumdf Cofy No. — A gold- 
|daied brass standard of mass, cylindrical in form 
with a circumferential groove (instead of a knob) to 
facilitate handling, This standard was received in 
1836 as a gift frum Great Britain to the United States. 
It was usi^ as the standard r^cesenting the United 
States avoirdupois pound from 1856 to 1893. 
* • * « * 



12. Addendum (The period 1963-1975) 



Three Laws that have been enacted since 1963, the 
(»^nal date of publication of Miscdlaoeoos Publica- 
tion 247t ^ worthy of nom: 

Public Law 89-755 , the FairPaclcaging and Labelin g 
Act. This Act, signed into law on November 3, 1966, 
became effi;ctive July i, 1967. Section 2 of this Act 
reads as follows: 

"informed consumers arc essential to the fair ansl cffici":^t 
functioning of a free market economy. Packages and their labels 
should enable consunuts to obtain accurate information as to the 
4|iiaatit]r of the cootenti Mid shotiU ftcilitatc value compMisoos. 

it it herebjr declared to be the policy d the CoB|feti 
to assist consafflcrs and manufactuitn in teacfaidg diete goal* in 
the marketing of consumer goods." 

The authority to promulgate regulations under the 
Act was vested in the Secretary of Health, Education, 
and Welfare and the Federal Trade Commission. The 

Sccrerar\ uf Commerce was authori7e<! to furnish to 
state oiiiccrs and agencies informatioa and assistance 

to promote to the greatest |iracticable extent unl- 

formirv in State and Federal regulation of the labeling 
of consumer commodities. 



Recognizing the need lor comj^atibility with the 
Federal Act, the Q>mniittee on Laws and Regulations 
of the 53rJ Xational Conference on Weights and 
Measures in 1968 amended the Model State Packaging 
and Labeling Regulation (first adopted in 19S2) to 
parallel iL-gulariuas adopted by Federal agencies 
under the Fair Packaging anJ Labeling Act. The 
process of amending and revising this model regula- 
tion is a continuing one, in order to keep it current 
with practices in the packaging field and make it 
compatible with appropriate Federal regulations. 

Federal and State mandatory provisions require that 
all packages shall declare the identity of the com- 
mnJirv and the name and place of business of the 
niiiuutacturer, packer or disuibutoti and the net 
quantity of Contents (in terms of weight, measure or 
numerical count) shall be sejjaratdjr and ttcurately 
stated in a uniform location upon the principal dis- 
play panel, in 1974, the model regulation was amended 
to provide for uniformity in the use of metric symbols 
and is rurrcntly being revised to fully a^ommodatC 
the conversion to the metric system. 
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Public Law 93-380i "the Education AnicaJ mcnts 
of 1974/^ enacted Augittt 21, 1974 includes a Section 
(40yCaXl)) which state* thac "It i> if'. 1;, . of the 
Unireii States to encourage educational agencies and 
iosticutions to prepare students to u&e the metric 
system of measaremeat with ease and facility as a part 
of the regular education program." The Office of 
Education, Department of Health, Education, and 
Welfare is responsible for iinpleinenting this policy. 

Pablic Law 94-168, the "Metric Conversion Act of 
1975," enacted December 23, 1975 declares rhat "the 
policy of the United States shall be to coordinate and 
plan the increasing use of the metric system in the 
United States and to establish a Outed States Metric 
Board to coordinate the voluntary conversion to the 
metric system." PL 94~l6S thus recognizes that 
incfcasing use of the metric system as of 1973 i$ an 
actuality in the United States and places responsibility 
for coordinating this increasing use in a U.S. Metric 
Board appointed by the President. 

Both PL 93"380 and PL 94-168 provide that "metric 
system of measurement" means the International 
System of Units (commonly referred to as SI) as 
established by the General Conference on Weights and 
Measures in I960 and as interpreted or modified for 
the United States by the Secretary Commerce, 
On behalf ot die Secretary of Commerce the National 
Bureau of Standards has implemented this responsi- 
bility by having published a Federal Register \otice 
dated June 19, 1973 which is reproduced as 
Appendix 7. 



Two Federal Register Notices related to our custom- 
ary system of weights and measures have been pub- 
lished since 1965. 

A Federal Register Notice of July 27, 1968 (see 
appendix 8), issued in response to a request of the 
House Committee on Science and Astronautics lists 
the weights and measures used in normal commerce 
and relates them to the standards developed in 
accordance with existing law. 

A Federal Register Notice of February 3, 1975 (see 
appcn lix 9) supplements the July 27, 1968, Notice; 
ii explains the difference between the survey mile and 
international mile on the one hand and the survey 
foot and the international foot 00 the other. It is of 
interrsr to note rhac ihc inicrnarional foot and mile 
ate exactly 0.999 998 as long as the survey foot and 
mile, respectively. Although the term statute mile 

(5280 fccr"'' c:in h~ inrcrpi\-ic.! r.) V'^- cirhcr rhc survey 
mile or the intcrnatiunal mile, in the Umtcd States, 
the U.S. statute mile remains the same as the U.S. 

survey mile. 

Starring in 1965 with the enactment of Public Law 
89-164 the Congress, over a ten-year period, appro- 
priated a total of 1.8 million dollars to the National 
Bureau of Standards for tlu jxcific purpose of supply- 
ing standards of weight and measure to the States. 
These funds have been used to supply sets of 
customary and metric standards of weight (maasX 
length, and volume, as well as precision balances 
to practically all of the 30 States and also to the 
District of Columbia, the Commonwealth of Puerto 
Rico, and the Viigin Islands. 
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Appendix (. BiUiogrciphy 



The first of the following principal sources consulted 
in the preparation of this publication was used very 
extensively. It is therefore placed at the head of the 
list; die othm ace listed alphabeticaU7. 
FKCHER, Louis A., Historyof the Standard Weights 
and Measures of the Uoitcd Scates, NfiS Miscellane- 
ous Publication 64; 
BACHE, Alexander D., Report an die Caostructioo 
and Discribadon of Weights and Meaames, S. Bx« 
Doc. No. 27, 34th Congress, 3d Session; 
BIGOLIRDAN, Guillaume, Le Syixime NUthque des 
Poids et Mcsurcs; 

CHANEY, Henry J., Our Weights and Measwes; 



CHISHOLM, Henry W., On the Science of Weighing 
and Measuring and Standards of Measure and 
Weight; 

GUILLAUME, Charles £ , La Creation da Bureau 

International kics Poik!^, t t Mcurc s ct son Oeiivrc; 
HASSLER, Ferdinand R., Cuiupiiruon of Weights and 

Measures, H. R. Doc. 299, 23d Congress, 1st Session; 
BOARD OF TRADE, GREAT Reports on 

their Proceedings and Business under the Weights 

and Measures Act 1878; 
COMITE INTERNATIONAL DES POIDS ET MES- 

URES, Proems Verbaux des Stances; 
CONFERENCES G^N^RALES DES POIDS ET 

MESURBS, Compces Rendus des Stances. 



AppcndiK 2. Report on the Troy Pound of Hie Mint 



Reproduced below is the text of an appendix to the 
retxwc of the Committee of the Franklin Insdtiite on 

Weights and Measures comprising a report of Dr. 
Samuel Moore, Director of the United States Mint, 
dated October 1, 1833> dealing with the original uoy 
pound of the Mut. This veporc was printed in the 

Journal of the Franklin Institute of the State of 
Pennsylvania in the issue of May 1834 (Vol. XIII, 
New Scries, No. 5). p. 302-3. 

APPKNDIX TO THB REPORT OF THE committke of tub 
FRANKLIN INBTITUTX ON WEIQUT8 AND MXA8CBK8 

Rtftit tf Dr. Smmil Mtm m i*r m ih m timi m «/ fif TWy fmmi ia 

p-;tisii-n if th Mm/ i! ih Umi.-tJ Su-'t: 
To tiM eemmlUM Ol Itn- Frink.in In!tllui.p ch.Eirk-'_d »iUi ihs 5Ub>M;t of 
W»ljhl» am! 

Mint of the Uoiced Sutet, October 1, 133}. 

ne naadard troy pcMiad of die mut is a copf , necnced with gicM 
care, th; Briciili ptrliuneaury troy pound of 17S8, recogntKd 
aad desi^atcd in the ycM 18Z4 a* the imperial troy pound ot Great 
Britain. It wa* procured at my requeat, in 1827, through the atteO' 
tioo aad iolneaoe of Mr. GtllMin, MiaiMcr of dw Uai«d Sam at 
Leodoa. Bftlte friendly ofioei<rflifr. Davin Gilbert. Vice hcsi- 
dent of the Royal Society, the itin '.irJ tri > foan J .n t he circ of the 
Ckik of the Honae of Coffiffloat, wai, oo the applii^uoa of Mr. 
Gallatin to the Speaker of the HouK, coromined to the charge of 
Capt. Enet, ior the pvpose oleflocnaf at hie 01IB hoMK aa a4}«l« 
SKat of the copy to otigiaal. 

The (tandard weight ii of bratt, the original being of that mire- 
rial. It waa made by Mr. Bate, who had contiructed ali the tiand- 
aed Mtiah weighta, and tiie eoapviaoa with the original was ma^le 
bjr a wiy delicate heaa wmwcied hjr iobineoit, the wae attiit 
who had mmu M O a l the heasi with which Cipc. later coapaiad 
the Mxndaxd wci^iis aboTC mtniiotd wish fbt original staadaid 
tioy ptyund. 

the weight waa cncloaed in a neat culcct carefully enveloped 
nadtr ami of the Aaieiicaa fc(Uioa at Laadaa, and conaiitMd bjr 



Mr. Gallatin himieli to the bands of Mr. Cucheval, a pablk inc»> 
acflftr, beacing d ei paech ee from the legation to the Uoited Scaiea, 

by whom it wai delivered into my hands, accompanied by a packet 
containing ample cerrificate* from Capr. Kicer and Mr. Gallatin, 

testifying to the itcuraty o'. thr wn^ht qucmun. 

The catkct and accompaaying package woe retained under ical, 
waiting the letuta of Mr. Adaan, Ikceidcai «f U J., from U* 

family residence to Washington, in order that the seal of Mr. Galla- 
tin, and the various factt of chief moment, in regard to the authenti- 
catioa of the weight, mi/(ht he verified, on hit authofity. They 
weie acconliagljr opened in the fcatttux of Mr. Adams, in Flulade^ 
pUa, «o the 12thflf Oeaoher, lUT, and hitfnlleeftiieate in icgmd 
to the sea], which be readily rccogniied, and to the circumsunces 
generally, giving auurance of the fidelity of the whole transaction, 
and the consequent accuracy of the weight, has been added to the 
vouclien la the caie; he decliriag, in gobcIuboo, liit eatite belief, 
that the bene then eiUfciiced waa ^ IdcaciaU Cdfr of As 
imncrul itindiri! trov fonfic! >)f Gfcat Britain, intended lod t efcn ed 
to 10. the jiotesaxd ccrtihcatei. 

The above facts having been communicated to Congtcu through 
the committee OO the mint, the troy po«nd thus ccrti&ed was ipecii- 
iealljr dedafcd hjr law to be "the ttandard trajr iKMod of the mke 

of the Unitrd Srircs, imrJinf; tn « hirh the coina^ thereof shall 
be regulated. SettcctiunliidDi the act of May 19, tcipcciing 
the mint, a copy of which is beicto anoend. 

This ii the tpect&c pooad weight, amnmed u tiie itaadafd oait of 
the ijniem of weighie te po eted to die Senam of the IMted Sntea, 

under a reiolutior rhjt (vylv Thh Mjv , 1S50— see a commnnica- 
ciun from Mr. Ingbara, Secretary oi the Treasury, made to the 
Senate March >d, IBU, alto the report of Mr. Hastier OB the tobicct, 
27tb January, 1S31, page* 10 and 2}i aod a coflntnaication to the 
Senate froM h&. M'lLiBe, SecRt^^ of the TVeaeufy, ec e om p si^ag 
iKt? rrp^ft, dated M)th June, 18'^; It hu Seen coottiatly hi Wf 
pouesiion, and it preicrved with the utmost care. 

Very respectfully, gentlemen, 

Yoar ob fl diea t mmoe. Sauvai. Mooaa. 

DinatrUmittdSutu hUm. 
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Appendix 3. The Mendenkail Order of 
April 5, 1893 

This order was puhlishrd as appendix 6 of the 
Report for l&i)} ot the Loast and Geodetic Survey. 
PUNOAMKNTAL BTANDABM OW UWOTH AND MAH 
While the Gjntritatioo o( the United State* autharixet CaqpeM 
to "ix the Kandatd of «cigha And OKaions," this pincr lut ocicr 
becD dcfioiielr eierciMd, mi im little kgiiUtioo hu beea auati 
upon the iuh|ccc Wishinj^on regarded the natter of tufficient im- 
portance to juttity a ipckiai teiercttcc to ii la ht« fim aannal mettafe 
toCmpeuQutvuy, 1790), ladjeffcnan, while Seottary of State. 
fi^iMd t Rport, at the reqaetc of ike Hooie of lepCMMatiiKt, 
la wliidl be propowd (July, ITTtf) "to lednoe twj teinch to the 
decimal ratio already ett^ibtiihr :! for : ins, ind thut bring the ail> 
t of the priociptl aciairt of lik wtthm the artthoiettc of every 
I can i&ultiply and divide." The cotuidcratioo of thmh^t 
I orgni by Waahingtoa, a '•" ■"ftiTt trf Cmiigirit i rpcr nd 
iB{ifarofJel«MOD'«plaa.batnolegiilationfollo«wd. IntheiiMB- 
time the eiecutive branch of the Govcmmecc found ic occeuary to 
procure Kaodardt foe uic io the coilectioo of rercauc aod other oper- 
ttiofls in which weighn and meauiret were teqaired, and the Timigh- 
toa aa<iach beaw teak ««• ohtateed te the Gnat and Geodetic 
Survey in Itn4, t plttiMOn Icilograone and metfc, hy Gallatin, in 
1821 , ir.ii i iri'\ pound from London in 1827, alio by Gallitir. In 
the Utter wat, by act of Coogrcct, made the ataodard of maaa for 
! of the United State*, and, although lotaUf Boit lor Mch 
, it hM ainee touiacd the wndaid for coisege purpoeet. 
In 18)0 the Secw taf y of the TrvMary wia directed to canae a com- 
piuion 10 be made of (he ttandardt of weight and meature uacd at 
the principal ctutom-houte*, a* a leaalt of which lar^ diactcpuciea 
woe djKhMed in the weight* and WMwee io ok. The Tkneary 
Department, being obliged to execute the conititutiooal proviiiott 
that all dutie*, impon*. and excite* thall be uniform throughout the 
United Statci, adopted the Troughton icalc ii ihi: madird of length, 
the aroirdupoi* ponod, to be derived from the troy pooad of tlic 

the wine gallon of 2)1 cubic iochc* for liquid mcawirc and the Win 
Chester bnbel of 11)0.42 cubic inche* fordry oeaturc In 18)6 tbc 
Secretary of the Treaiury wai authorired to cauac » cjmpicic ict of 
all wcigfata and ■emuca adopccd a* itaodatda by the DepartiB en t fo r 
theu»ofato»- hoM i M Md iarodw f p u fp owi tobedttiwedtotlic 
governor of each State in the Uaioo for the uae of the State*, re«pec- 
lively, the obiect being to encourage nniforaiity of wcigfata and 
meaturct throughout the Union. At ihii nm^ levcral State* had 
adopted ataadard* differing from thoee UKd in the TicaMiry Dtpen- 
ttcBC, hat ifer a time thne were ee)eeielt aad ioallf anefy all the 
Statet formally adopted, by act of Icgitlature, the ttandard* which 
had been put in their hands by the National Gorersmeat. Thna a 
good degree of uni/omiiy wa* tccurcd, although Gwgre** bad not 
adopted a ataadatd of maaa or of length, other than for coiaage 



The ttcit and in niany respect* the moic important legialatioo upon 
th£ (ubfcct wM the act of July ZS, 1666, making the uae of the metric 
•yitem lawful throughout the United State* attd defining the weights 
aadBaaauiefiaooBUKiaaieiatinMofihewiitaofthisqntem. Thia 
was die frit gflHfwf kgiilatwo apon the mhiect. and the 

tern wM thui the firtt, and thus lu the aalf^ 
legal throughout the country, 
la 1173 an intcmatiocul metric convention wa* agreed apoo by 
I Gtmtaaean, incladi^ the Uaiied Stags, at which it waa 
1 M> canhllA aad wtotaitt atcomMn ofcaK a 

I ei mjghu and scanMcar the Stat at^f 



of wliich ihould be the preparatioo of a new iaiematioaal tiaadaid 
aKlfc aad a new international ataadard hilognuniae, copieaof trUch 
ahonU be made for ditttibatiaa aaaag the coattthaiiQg Govern- 
ment*. Since the organiiation of the Boreaa, the United States hat 
fegularly contributed to it* »upport, and in 11489 the copici nf the 
new inieroatiooal prototypes were ready for diathbuttoo. Tbi* was 
cfteted hf be, aad the United Scatet leoeiwd aetics Noa. Uimitt 
and kilogramme* Ko«. 4 and 20. The anMS and kilogramme* arc 
made from the same material, which it an alloy of platittDm with 10 
per cent of iridi c iv. 

Od Jaaaaiy 2, 1890, the seal* which had been placed <xi metre No, 
27 aad Ulo^aaMM No. ao at the bteeaaiiaaal Baieaa of Wcjghn 
and Meaiure*, near Pari*, were broken in the Cabinet room of the 
Executive Mxotiofl by the Preaident of the United Stam in the pre*- 
ence of the Sc.rriir, .>( State and the Secretary of the Treasury, 
toftthei with a number of invited gaem. They were dtaa adopaed 
as the a a n oaai pioiatypa laana aad kihgnMBe, 

The Trougbtoo scale, which in the early part of the ceaturv hzi 
been icoiactvely adopted a* a ttandard of length, ka* lung been 
iccogniaed a* quite unsuitable for such use, owing to its faulty con- 
stractioa and the iofcriotity of its g y adiia ti oa. For aoajr jpeata^ ia 
ataodaidtiiaf leagth aieamca, ncaaiae to eoptea of the iaipBial 
yard of Great Britain had been neceaiary, and ro the copies of (he 
metre of the archives in the ofiice of weight* and meaaure*. The 
ataadard of mats originally selected was likewise aatl far aie iir 
siailar eeaaoos, and had been ptactically igaaied. 
The (ceeat aeectpt «f the wy aoconae capiea of the toKraadoaal 

Metric Standards, which are constructed in aj-r irJ v.ith thr meat 
advanced cooccptioa* of modern (octfologjr, enables compai-isoos to 
be made directly with thoae standard*, a* the equatioos of the 
nattnaal pta t n typea are aopimeljr kaowa. It haa teeoHd, thcaa* 
laee, that ffeaaeritahility ia weighta aad ■aaaaaea, aa wed aa aack 

higher icr-znc,- ir thnr compartirtTi , can he sccurrd by ifci-pting 
the interaationai prototypes is the fundamenui standard* of length 
and mas*. It waa doubtkta the iaiaatioo of Cangieaa that dda 
tluwld be doQC when the iamaatkaa 
eaaetcdintohi 1175: odwrwiKtiwrBwoBld feci 
the annual coatributiuni r j us support vtrhich the Government has 
coestaatly made. Such actioa will also have the great advantage 
of putting Its ia diiccc lelatioa in our weights and measutcs with 
an ciriJiaEd aatiaai» aMK of which have adopted the avtric system 
fbreiclBiiwaie. Hk praericalrfeet^na oar caaiaaiaty weights 

and measures is, df ciiurs.:, nothing, Thr m-rnt C2:t(xiI trudy nf the 
leiation of the yard and the metre ha* failed thus far to *b(i« th»t 
the relation as defined by Coogress in the act of 1866 is m crrar. 
The pooad aa thete deined, ia ita aehwiaa to the kilqpiMe, diCen 
fcoai (he iaipma] poaad of Gteae Briiahi hy aoc moK ihaa oae 

part in ooe hundred thousjn':!, in frror, if it he so rall;i:l, which 
Utterly vanishe* la comparisoa with the allowances in all otdinary 
transactions. Only the amt refined scientific research will drmand 
a cloaer ap pfnrim a ii oo, aad ja icieatihc wctic the kj hi g yaafi itaeM 
ia MW aahcnallr oHd. hath la thia caaaoj aad f« * 



la thai 
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1 pound aTolr4up6iC' 
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tbeabovo bysbeolMMiNrt taoo* buodrMl tbeomod, bat tb* aqua- 
br law ■■ sadleiaBtlT aewiiala Mr all i 

In amk al Ugb ptaeMaa Itaa kttaparas h aaw aU bot 




28 



Digitized by Google 



!n view of these fsrti, and the absence of any irurtr;/ ntwrnal 
standard} oi cultonuiy weights and measum, the Othcc of Wcighn 
and Meatuftt, with the approval of the Secretary of the Trcaiury, 
will ia dK AiOiR iqpnl die lomiKiaoil Pwno t yp e Mem nA 
KitogranuM n Andainaittl loajaidt, ud dw CMtomary omct— 
thr vj'd and the pouod — will be derived therefrorti )v. j l rJjr -e 
with the Act of Jaly 28, 1866. lodwd, dlitcounc has been pacti- 



cally forced upon this Office for 
4eainbk to malte tbi* forfnal 
to Ae KkMe 




, but it it c«»*ideted 
foe die {" fir ^B f ti flff of 
of 



T.C 



Approved 
J. G. C 

Sttrtmj $f$ki 



Stfttr* Cowt wid GkhVkU BurTiur.— OtRor o! SUkndwrt WelgUa 
and Maaaurea— T. C. Mandeoball, Supetintenitent.) 



FOB CONVERTING CUSTOMARY AKI> MBTMC 
WUOHTa AND MKAAUM8. 



ikmMvw. or., acvii 21 » «n. 

The yard in vcn die UbittJSntei it equal to }IH olthemeiR. 
The cri iv p.;iU[i J of che mint IS the United Scatei atandatd weight 
for coioa^. It i* of braai of unkoowo deottty, and theiefaee noc 
: far a madicd of naas. it waa derived from che Ikidih 
war pom! €i 173S Igr dincc vm^mwam. The Btidih 
muimpeM poiud wet ebo derived Iran the litter end cooMio* 

7^000 grains troy. The grain troy in thcrcfDrc the iiirv is the i;;riin 
imifdiifoit, and the pound avoifdnpoi* in uae in the United State* 

ta Gfieat Brltda the legal metric cqni valeflt of the inpetial galloo 
is4-SIM< litres, and of the imperial busbc! v, ^47? Wmt. 

Hie length of a nautical mile, aa given below, is that adopted by 
the United Sucea Coaii Survey many yean ago, and defined u the 
F • aiaue of ace of • jRit dflde flf ft I 

I CdK Oacfce ^hetoid oTlH^. 



0- 3O«80l 

1- 619 

10 116? mrrrn. 
Ij9 OCO iittcires. 
185}-25 mcfrci. 
4»)934277frui 



»-46«)l^ log. 



IfMt 

Ifcthoa 

1 Guntrr't chain 

1 square statute mile 

1 luadcai mile 

1 •voMvpoit pound ' 



By the coocuncnt actioo of the principal Governments of the 
wocid, aa IntecBacioasI Boeeau of Wcigha and Mcaiut ca haa been 
citaMtohed near Vetii. Ihder che dtecdoa of the laaeraadooal 

GMDmittec, two ingntt vrm catt f>f potc pUdnuffl-iridium in the 
propordoo of 9 parts ot the tormer to 1 of the litter metal. From 
ooe of theae a certain nunher of kilogram iiks '/>cnc prepared i from 
the other a defioice ooaber of metre bar*. Theie standardi of 



weight Irni^Th weic intercoffipared wicboat ptcierence, and 
certain ooct were aekcted M iotemauaaaJ prtMocype standard*. The 
ochoa neee ditmbaad by lot. in SepceoibB, lH0t to the different 
Gt>vei omenta, end an called oatuioai jea c o cy pe etandecda, TlKMe 
appordoaed to the United State* were mxivol ia 1190 aod lee ia 

the keeping of this office. 

The iDctnc syacctu waa legalized in the United State* ia 1866. 

The loteroational Standard Metre is derived from the Metre dee 
Archive*, and itt length is defined bjr the dietance between two Isaet 
at 0^ oetidgrade on a ptadnaffl'lridinm bar deposited at the later* 
national Bureau of Weights and Measures. 

The International Standard ikiiogramroe is a mass of plaiiaum- 
ttUhua deposited at the tame place, and its vreighc Ia vacno it die 
same as that of ibc Kikctamine dee AfcWvca. 

The litre it equal to a cnbic dednene, and it h raeitofed by the 
quantity of distilled water which, at its maiir. .r .icnsity, will 
coaaierpotae the sundard kilogramiae ia a Tacuuio, the volttmc of 
Mdi a qMOtt^ of water beia^ aa oeady ea haa kca aeoenaiaed, 
eqjoal co a caMc decfneoc. 



Appendix 4w The Intcrnotioiral Noufrical 

Mile 

The following announcctneat is quoted from che 
National Bureau of Scaadards Technical News fiitllc- 

lio of August 1954. 

Adopfion of Intarnotional NovHcal Milt 

Beginning on Jul> 1, 1954, the Nadooal Baieea of Scaitdards will 
uic the International Nautical Mile in lieu of the U.S. Nautical Mile. 
This decisi«», replacing the U.S. Nautical Mile of 1,833-248 meters 
(6,060.20 fcet) by the lotctnatiaaat Nmdcal Mik of 1^ metees 
(fiJM.VCBXi . . . feet). conlitiB* ea official agteeaieac between the 
Seoecary of Conmeroe and the Secretary of Defense to uae the In- 
ternational Nautical Mile withm their respective departments. 

The UK of a Biilc derived from the length of a degicc of the earth'* 
aietidiaa it vetf old. It is believed that AeChaldeaaaateaaoaer* 
determined the Icngib of such a unit. Mile* of this tort have been 
variously called meridian miles, geographical miles, tea miles, and 
nautical miles, and they have diiTcrcd greatly in magnitude, some 
of the value* providing 10, U. 15. and 60 oules to a degree. The 
Briiiih and the U.S. aaatical aiilei vme each derived bf caking 00 
nautical miles per degree, but the values adopted were not the ume. 
The nautical mile adopted by the British Admiralty equals 6,080 
British feet, while the U.S. nautical mile has had the adopted value 
of 1,853.248 meters, from which the equivalent 6,080.20 U.S. feet 
ha* beea detived. The Bridih fimt i* ducter diaa the UJi, liiot 
by I part in 400,000, an amount which is of no importance in the 
ordinary transactions oi everyday life but which is very imptirtant 
IB preciie measurements. 

b 1929 the latemadoosl Hydrogtaphic Buicaa obtained an agree- 
oent from a lar^ aanbcr oif eoaattfaa to adopt a valae of 1,892 
meters for the nautical mile, the unit thus defined to be called the 
International Nautical Mile. However, at the same time Great 
Britain, the U.S.S.R., and the United States did not accept this 
value, each country preferring to retain the nautical mile to which 
It bad been aixuatumtd. 

Finally, in 19)3 an informal group from the Department of Defense 
and the Department of Commerce ctjosidered a proposal for inter, 
national standardization of abbreviations for the knot and rl : rmic. 
At this meeting the general situatioa regarding the nauucal mik 
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WAS liisLosscd, ind the belief was expressed thu a sh»agt horn 
1.85) 248 metect to 1,8)2 meteci would! not albn Rmnicd dimi, 
thecaUbratioaaf aAvif»cioultiiKritiiiain,orD>vigttton. Because 
there teemed to tie no tooni re»»on why the Inter national Naatieal 
Mile should not be adopted in this tountrv, the Departments ot 
Ginimcrce and Defense agreed to accept this value as ofjuly 1, 1954. 
the announccirau CO be onde \^ tht Natioail Bweett of Standttd*. 

Identical ditectivet, id the names of the two dcfkartmcntt, have 
been mutually adopted. The Department of Coininerce directive 
a ai foUom: 

Adtfritm «/ Imtintstmist Smtiui MmU 

1. Furfu 

Ta mUft tbi Intamstun^ Nautkat Mik finut M S iWerfarf 

m/mt within fbt Dtfartmnt ef Ctmmtret. 
U. Imfltmmtatita 

Afitr tit igutiM dm «/ ibu Jmahv, tbi bumsiimsi Nmtifsl 

MA (fjm mum, ifiMMSn . . . fmtX k atn^sMw 

ttt Dfpmtmmt tfCmmim St rik ttmirnd baffk tf tit nmtif»l 

mill. 
III. Egtctin da4i 

TU* dinam it tgiain 1 July 19)4. 

Ir will be noted that in the forgoing announcement 
one of the equivalent of the iatcmatiooal nautical 
mile is stated as 6,076.1033} . . . ^eet. The three 
dots following the last digit indicate a cootiaiung 

repetition of the digit "5. 

By reference to appendix 5, it will be found that 
the equivalent of the intetnatiooal nautical mik in 

feet is stated as approjfimatcly 6,076 11549 interna- 
tional feet; this latest value tepicseocs no change in 
the length of the nautical mile — 1851 meters— but 
is merely a restatement of the equivalent in terms of 
the international foot whivh is shorter than the for- 
mer United States foot by two parts in a million. 

Appendix 5. The United States Yard 
and Pound 

The following statement of the Department of 
Commerce cooceming a refinement of values for the 

yarJ and the avoirdupois pound, approved June 25, 
1939. is quoted from the FedcnU Register of July 1, 
1959: 

.RtAntfflcnt of Voluc* lot Hi« Yard and »hc Pound 

JM^flMMii. TIk National Bufcau of Standard*, iouadcdio 1901, 
n aitthonaed hf statute (JOJS. Coie, Tide 15, Ch. 7, tec. 272) to 
undertake "The custody, matnrenincc, and development of the 
national standards of nveasurcment and tbc pfaviiioa of laeans and 
neihKKis ior making meat ore mcnis coosistcnt with these standards. 
* * *" Under this tttthorit^ the Nauomi Bufcau ol Standards 
has Mught to refine and eaiead die itsfldaidt to aieet tbe coadauing 
requirements of science and induMcy br incRiKd accuracy and aai> 
formiiy of measurement. 

Since 1893 the National Bureau of Standards and its predeceiMir 
ageocjr, the Office of Standaid Wei^tt and Meaauies <d the Tieatnty 
DepaRflKRC. luve derived the yaid lad dK poaod md the aultipln 



and tubmuliipks of these units from metric siandatds, namely the 
tneraadoml neicr attd the intenuiional kilofcam. The origiasl 
annottncement of this derivatioo, together with the munerical ratio* 
upon which the derivations were liued, tt given in Bulletin 26, 

"Fundimentul StindirJs of Lcnk;th md Mass", of the U.S. Cout 
and Geodetic Survey, approved for publication Apiil %, 1893, by the 
Scaetatyof CheTmMHuy. An amcodment to the Itn BuUetia waa 

made in 1894 in which there was a small adjustment in the pound- 
kilogram ratio to bring it into doser agrectncni with the British 

Imperiil p i^:,J, 

In the latter half of the period siwc 1893 minor but troublesome 
diiciepiaciea haie developed anony vedoos gtaopa, hoth in tUa 

country and abroad, that are concerned with very accurate measure- 
ments involviag yard and pound units or their cwsioroary muhi{>lcs 
and submultiples. As a result of study and negotiation, it has de- 
vehiped that noat of the diiacpancica can be iciolwd and a high 
defice of OKaautenent unifaenity obtaiaed by nsaU fcfiaemcan «l 
the ratios defined in the 1893-94 bulletins relating the yard and pound 
to the meter and kilogram. Accordingly, the following announce- 
; is made: 

. Mectivc July 1, 1939. all calibrationi in the \JJS. 
wfuem at wet^ita and neaamcs carried out by the 

Narinnal Buteau of Standards will continue to be based upon metric 
mcasurcmciu standards and except those for the U.S. Cuast and 
Geodetic Surrey as noted below, will be made in tctms of the follow- 
inf eaact equivakntt and appropriate multiples and tubouiltipks: 

1 yard =0.914 4 meter 

1 pound Cavou:dupoi»^ = 0 453 592 37 kilogram 

Curtcfttly, the uiilts defined by these same c<)uivakats, which have 
been designated as the International Yard and the Intetnatiooal 
PWiad, teipectivcly, will he used by the National Standards Lsbori- 
toriea of AastraUa, Canada, New Zealand, South Africa, and United 
K-nj-l-T, -hu'. rhr-c will be brought about intcinatinnal accord on 
ttie yard and pound by the English-speaking nations ol the world, in 
precise measurements involving these basic units. 

Any dauczpreaied in ftet derived from and pobliibed as a result 
of geodeife mncru within the Uaiied States will conilime lo beat 
tbc MJowiai seUdanhip as dcinei ia U99: 

, . 1200 

The foot unit dc&ocd by this equation shall be tefened to aa the U^' 
SamyFoocand icshalicondimetDheuted,fattbe pmpoie gnea 
herein, imtU such a time as it becomes desirable and expedient to 
readjust the basic (todetic survey networks in the United States, after 
which the ndo af a yaid* equal to 0.914 4 meter ihail apply. 

RsLATtoM TO Paaviotm-T DanNao Standabd* 

la 1866 Cy.S. Code 1951 Ed.. Tides 13, ai.6» tecs. 20«and 2Q3) 
the CoBgiets kgalited the use of the metric fjmem witUa the Ouised 

States. The law also established approximate equivalents bci -en 
customary and metric measures. The above ratios bctucen tbc yatd 
and poaadaadaKllicaieMutCt Wwell as those defined m the 1893-94 
bnUetias ate oHsisteat with the latios eatabliahcd by Coogteas ia 
ISM wtthia the liain of aceurn^ by which the lacicf aieea 

rani. JaOeMSSBiiJIetiadK yard was 

J WOO 

which results in the apptoximaic relation : 

ly»d-i0.fl4401S3M 
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Thus the new value for the yard it tmaller by 2 parti in onr miltioa 
than the 189} yard. Numerical meaturct cxprctKd in termi of the 
new unit will, thctefore, be increased by 2 partt in one milUoili. 
?MMrf. The poaadwai defined in the 1(^3 Builetiii as: 



iBfMtial ponad, gne ibe mtk M: 



1 pound C.voirdapois)-2-^5^ kilogram 

which icHiln ia the eppKHrimeie eelatiaii: 

I pound (•voirdupoia)=0.4SS 391 4277 fcilogmn 

Thut the new value for the pound is smaller by ibom 1 put tu iO 
million chan the 16^ pound. Numerical (neasures cxprcsxd in 
terina of the new unit will, theicfwe, be iocreswd by about 1 part in 
lOniUiao. 

ChsHgfS ctmcirn jcitnci anJ frniiien lao!r. Such small changcj are 
beyond the limiti of iccuracy b> wiiith niiir.y rcfcrciitc staadardt 
are now calibrated by the National Bureau of Standards, including 
the standardi furoiabcd co or calibraied for the State 
TfaciefbR, the Rfinemeon in the definttiiMM ol the yard and the 
pound will have no effect at all upun ordir-i^- traiic and commerce. 
The differences arc signillcast, huwcvcr, in a number ui very precise 
metfological determinations such as aie found in the precision ma- 
chine tool and iaatraineai induitriet and in certain identiiic activitiea. 

AMdMottt. The vdqe lor the inch, dcriird frotB the Taloc for 
the yard effective July 1. 1959, is exactly equivalent to 15 4 milli- 
meters. It may be noted that this value was approvcii by the 
American Standards .\ssLKiaeton for '■Inth-millimcter Conversion 
for Indnitriat Uie" in 193} OSA Standard B48.1-1933), was adopted 



by the National Advisory Committee for Aeronautics in 1952, and 
has been adopted by many ttandardinng organizations in other 
countries. 



IL^I^ltm t* ymt. The new cootFCfriaii iiaot lot the pound ta 
Oicily dinnUe by 7 and moln ia the faiiiwiiig exact mlw fat 

lgnnn-'Oi)64 79«91gnm 

The grain is the common unit of the avoirdupois, apothecary, and 
troy tyitems, there being 7000 grains in the avoitdapait pound and 
STtfOfrainiinthespochecary pound and in the tnjr pound, 

NtmtkMl mt*. On July 1 , 19S4, it wa* announced that the Secre- 
tary of Commerce and the Secretary of Defense had agreed i''i;i?l]y 
that the Intcrnatioiul Nautical Mile would henceforth be used 
within their respective departments. The Internatiooal Nautical 
Mile i> baaed on the meier and if equal to ISSlmcten. Bawd oo 
the yard-necer relationihlp then in oie, the Ininnatiodal Nauticat 
Mile was shown as being equivalent to 6,076.10333 feet. 
Under the new conversion factor, the Intenutional Nautical 
Mile is equivalent to6^6.11549 International feet approximately. 

(For a detailed tteatment of the Federal baita for wetgbia and 
measima, lee National Buieav of StaadardiCttcnUr S93, The Federal 
Basis for Weights and Measures, for sale by the Superintendent of 
Documents, U S. Governineac Ptintin^ Office, Washington 25, D.C., 
price 30 cents.) 

[inai,] A. V. Afinr, 



Nstimsl Btmsu if Stmdmdi. 

H. AlNfHJ} KAtO, 

S(«r Admiml, 
Ommt, Caari mi Gitdak Sanv^ 



Approved: June 23. 1959. 

F. H. Mcaixaa, 

UnJtr Sitntmy if Cmmtm. 



[F.R. Doc. 39-3442; Filed, June 30. 1939; 843 a.m.] 



Appendix 6. Adoption of the Wavelensth Definition of the Meter 



The following account concerning the adoption of 
the wavelength definitioa of the meter is quoted from 
the Natioaad Bnteau of Standards Technical News 
Bulletin of December 1960: 

Wavcicnjth of Kr"* Lijht Becomes New Inlernolionai 
Standard of Ltnslh 

On October 14, 19(0 the world adopted a new inienational uaod- 
atd of length — a wawlength of light— replacing the meici bar which 

had 5cr'.cd as fhr stan.l.ird for ui.cr 70 ;fJts. The action was taken 
by the llch General Cor.fcrcnce on Wtis;hts and Measures, which 

met in Paris. 

Dr. Allen V. Atiin, NBS Director, headed the Anicricaa dekfaiioa 
CD the Cdnfctcnce. The delegation alto included Lotti* Ft>tk, Ftett- 
dent, Sheffield Corporation, Elmer Hutchisson, Directiir, .American 
Institute of Ph)'sicsi A. G. McNiih, Chict, Metrology Division, 
NBS; T. H. Osgood, U.S. Scientific Attach^, London, and Matttn 
Van Heuien and Beniamin Bock, VS. State Depaitaaent. 



Other actiooc taken by the Conference included the cnaUiihiiicot 
of a central facility at the Internatiooal Bureau of Veigfatt and Meaa> 

urcs for iRter.urion.il coordination of radiation measurements, con- 
fitmation of a new dctinittoii ot (he second of time, and adoption of 
tafioenienta in dte Kales for temperatutc mcas-jreiiLcnts. 

The sew defioition of the meter as 1,650.763.73 wavcki^ihs of 
the orange-ted line of krypton 86 will replace the platinuffi-iridiwH 

meter Sar which has been kept at Paris as an international I 



for length since 1BS9 under the Treaty of the Meter. 

These actioos of the General Cottlimnce are of ficat importance 
to thoie engaged in pieciiion ncaamciMnn in acienoe and ioduairy. 
For many years the wtirid has relied on a ouietial standard tif 

length— the Jisuncr between two engraved lines on the Internatiur^- 
al Meter Uac kept at Paris Duplicates of the International Standard 
were maintained in the standards laboraurics of Other COUBiries of 
the world. From time to tine it was neeeiastr to teturn these 
dupUcaies to Paris for recalibmtioo, and occasionally diaerepsnc 
results were obtained in these recalibrations. Also, there was doubt 
in the minds of some scientists regarding the stability of the Inter- 
natiooal Meter Bar. The new definition of the meter relates it to a 
consian* of natine, the wavelenfth of a specified kind of light, which 
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ii believed to be immuubk *nd can be reproduced with great «ccu- 
cacfilltn)' wcll<quippcd laboratory. Thus it ii no longer necesiary 
■0 Rtm tfac natioaal siandardt of leofth to Pari* «( periodic iaicr- 
vaU io order to keep length meuamiKfln on a aniferm basi* 
throughout the world. Also u is possible to ir.rasjrc some dimcn- 
sioat more accurately in ternuof the new definition than was possible 
before. The meter ban wbidi bave lervcd as standards of length 
dirougliottc the world ior om 70 yean will not be diacaided or 
placed in muteumi becanae of ttaia dedcion, the ConCeteoce laid. 
They will remain important because of the ease with which they 
can be used for certain types of meantreoKnt and for comparistm 
neaaBRmeflts between naiioaal iaboramica. 

Thia new definition of the meter will not materially change tfae 
measttremeni of length nor in any way the relation between the 
English and Metric units. Carthil experiments performcJ Jt the 
Natiooal Bureau of Standards by the team of A. G. Strang, K. F. 
NdDea, J. B. Sanaden, B. L. Page, and D. B. Spangenberg immedi* 
aiclf prior to the meeting of the ConfcMoee cao&racd that the 
wavelength standard and the racial ttandaid ate is aariafactoty 
agreement. The inch nowbeGame«equalto41i929.M9wiwkngtha 
of the krypton light • 

Similar neaawcmenia perlorDed by die Natioaal ftcicarcb Council 
ia Canada, by Dr. K. M. Baird and hia naodatca. am in aaliMaaiial 



agreement with the National Bureau of Standards results. By 
adoption of the new definition, the standard of length which has 
been used by speetroacopiaa for the pait SO ycaia ia braiight into 
agreement with tliat med in other bemidKa of icicflca, dwa inana- 
ing the untftcaium of ayimna of meaanicmciit thtoqghont tba 
scientific world. 

The orangc-rcd wavelength is precisely described as 
the wavelength in vacuum of the radiatioa corrc8{>OQd- 
ing to the transition between the kveb 2fn 34 of 
the atom of krypton 86. 



The author acknowledges with gratitude the nsiij- 

tancc he has received in the earlier stages of the 
preparation of this publication from Ralph W. Smith, 
himself an ardent worker for unifcffm weights and 
measures in the United Stttes, and in all acagei from 
Malcolm W. Jenseo. 
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Appendix 7 



TAtLK 2— SI deriT*4 unUt viiJk tpttiti nanuM 



MCmC SVSIEM OF MNIIIIS MID 



Guidelines for U*e 

Section 403 of Pub. L. 93-380 states the 
policy of the United States to eooomMMt* 
educational agencies luMl ixtstltutlou to 
Pfcpara students to uw the metric sys- 
tem of measurement as part of the re«ii- 
Ur education program and authorizes 
the U.S. Cornn:j5Moner of Education to 
carry out a program of grants and con- 
tracts to fulfill this pcllcy. Subjection 403 
(a)(3> states, "For the purposes of this 
section, tap tswnt»stitegiti»«il«MM» 
tmmsBf msans fbo nutomtlaiial By*- 
tem of Units as established by the Gen- 
eral Conference of Weights and Measures 
In 1960 and intemreted or modified for 
the United States by the SoL-returv of 
Commerce." Tlic National Bureau of 
Standards Is responsible for "the custody, 
maintenance, and development of the na- 
tional standards of measurement" US 
U.8.C. 272 >. and the Secretary has desig- 
nated NBS to Implement his responsibil- 
ities under subsection 403iaii3>. Pur- 
suant to his authority under section 403, 
the U,S. Commissioner of Education has 
requested that NBS publish guidelines for 
use of the International System of Units, 
as Interpreted and modified for the 
United States. Accordlngb', and In Im- 
plementation of the Secretary's respon- 
aiblUtlas iindiar subsection 403(a) (3) . the 
tBOowliw tablM and assedftted awtcilals 
Ml f octh luiddtaiei f or VM of tin &itK> 
nttonal System at TJUts Otcfetnafter 
-Vrt, m fnt««nlod and awdUtad for 
Urn nttted StatSB bf MB8 on Mhttt «r 
the C a ci w ta iy ot Cofnwwrce. 

The SI is constructed from sefStt bass 
units for independent quantities plus two 
cnpplementary imits for plane aasia and 
I, listed In Table l. 
Tma 1 



Symbol 




mU>) and 



1 B<il!i 5p<'lim)r< 111* scpfpIsM"" 

» It Is oci-^-pIMM' lo iiM* thr i- '.MI L" rii'urf xyin- 

bol / I <1iTini-il liy l-I -Ti wtipri! J 1j iht llwiitiojy- 
namlc if int" r»(ure, eipnwd In »»1»1«. *nd T»-Z71.1S 
K tv .Irfinltl, n Th« unit "(kicit* C«l9liu"'latl»u<Qiial 
to the uiiH ■ krlvin" »h»n usfd •» lui Intcrvol or dlntT' 
Mice ol ii-mt^rnturr. CtWuj tempsmuri- li riprrurd 
tn dtrtcj Cfhliu nymbcl 'Ci. 

Unit."! for all other quantities are de- 
rived from these nine unite. In Table 2 
si« listed IT SI derived units with special 
names which were derived from the base 
■ad aupplsoiaataiy units in a coherent 
inauiir, whlob inewis in brief, that they 
an t niii sssi l as Bcoduets and ntfos ol 
the Bbio baie and w pj flwiiMit My 



force 



•ni-nty. wmk, 
qUMiUtyMlMtt. 



tiMly, ttKMe 

flri-uli- f,f.w-n1 1:1.1. 
potential diil^r- 

tlvi» fore*'. 

capocttnncr , 

«kctrlc rvxlsXatlcv. . 

condurtBiicf 

inacnetle ftu( 

maiKtic S<" 

doulty. 

InductuiN. 

lumJniKU Sui 

IU'i!nlnft.nop . 
i.-thily Irn.Jli.- 

ar'.'.Tf' 
il.M i!'>«i. . . 





J? 

ra 
I 






o 






V 




fsnd 

ohm. 

■tement...... 


F 
0 
8 

T 


c/v 

V/A 


lumen 

lui 

l-'cquml 


R 
Im 

li 

Bq 


Wb/A 
«!•» 
InUm' 

v-i 









All Other 81 derived units, such as those 
In table.s 3 and 4, are similarly derived In 
a coherent manner from the 26 base, sup- 
plementary, and special-name 81 units. 

ezprOHd Im 



Table i.—Es*mpl*t a/ SI dttati t 



Volt 



■na. 




m> 




cubic mftrr , 


. m« 


•pwd, wlocliy. 


, in*'lre per second , 


. mjs 


acMlrrntlon 


raeiro iwr woond 
squnred. 


m/l> 


tnTCDunibfr. 


. nr* 




kllainiapcTMHt 


ksfW 




. WBpMt piriqMH* 

mettt. 


A/ni 


nucn«tl<r flfld 


fttnperr per metre. . . . 




strength. 


. mnl.'m' 


cociccntmilon (of 


rook per cubic nt«r«. 


•miMuit of sub- 




Mum). 


, cubic metre per kUl^ 
gram. 


nVks 






... etndela per MUMft 
Bi«r». 





fv^fWHMI hn HMOM •/ tpteM MUM* 



Unit 



(J>T.amlr vlscosdty... pascal 9'i?i>ti.J, 

raoln*-iit orforvf roelir nc»-tcn. 

lurtece teuton Demon p«r metrt.. 

■ idtBitty. w»tt( 



P» s 

N in 
Sim 




entnifty. 
specific eitwty.. 
thermal ronduc* 

livlty, 
enervr denslly... 

eUctrtc fl«M 

strentth. 
ilntilc cbMit 

densllr. 
electric flui 

density. 

IwrmiitlTliy 

permeBblUly 

mnUr cnci^,., 
uiuUr entropy* 

molar heat 



loulepert 
wall per i 

kelfin. 
, louto iwr ciiMc 

BHIl*. 

mil per metre. 



periqoin 



J per metre., 
hmy |wr iD'tn. 



vim 

Clm> 

rjm 



rjm 

Hlta 



Ptir u'.p u-ith the SI units there IS • 1 
of 16 prefixes (see Uble 5) to fonnm 
tUilsaandsubmiiitiDies of these units. 

TaBLX i.— S; priliTit 



Factor 



Prefix 



Symbol 



10".. 
UM.. 



IW... 

I*-' 

ll>-<.. 



hi*f to,, 
deri.-. 



g 

"!*.!!! ito 

d 



Cflltl. . c 

mlUl no 

micro f 

nano n 

iwco p 

feTT-to. ... - f 

allu -.11 



Certain imits which are not part of 
the SI are used so widely that it Is im- 
practical to abandon .thaos. Hie untta 
that are accepted for eootinnsd use in 
the United Btatas «Ub the Intsmatkmal 



TaUS s.— imm «i «h « 

Mm srw* * VaSwtoHH 

mfai 1 mln-Wa 
h 1 h-Wmln-SeOOl 

, d I d-34h-M«)0> 

, ' r-i:i,soi= -i.jo foni 

SWIWI. " l"'-il,«O)'-lr)»4SO0O) 

rad _ _ ^ 

lltff (Liter: ' I 1 1-1 dI0'-IS^PI» 

metrl"' trie, nr tonne. . . I lt«lCI*fcS 

' Botli !!» l ,i'is. n-'- iri-eptiiblc. 

In those cn.-.f.s ".vhiPrc their u.'^aKe is 
alreadv well est«hUsheci. the use, for a 
limited time, or tiie foUowlnit units Is 
accepted, subject to future review, 

■airilMmlM feNim mI> 

faiM ^1 

aiyt*irom Mf POBIS'a 

■ '.iriUtil atmoitlllSM tit M 

' Not nallon. 

Metric unit.:; ^md their .wmbols other 
than tho.sr i-t iimpratcd above are not 
part 0'. ihp int.<-r:iritfnnal System of 
Units. Accordlnaly, the foUowlng units 
and terms Us ted In the taUe o( metric 
units In aaetkm S of the aet o( Joljr 31. 
IMS, that lesallaed the metric system of 
ires in the United 

_ r accepted for use In 

(he milted I 

tt»vrt»met«r 

f.rrtr 

mllller nr tonnesu 

quintal 

mynagr&m 

kUo ((or kUoKTtm) 

For more information regarding the 
JntemaOonal Syistem of Units, contact 
the Metric Information once, National 
Bu^U of Standards. U.S. Department 
tt Oammerce, Washlnston. UXS. MUt. 
il.l»1S. 



Director. 

|m DocTB-lBTM vned e-I»-75:8:4B am| 



Sotet The kilogram is the only SI unit with a prefix. 
Bmemuae doablm prefixes are not to be used, the 
prefixes of Table 5, in the case of mams, are to be 
used with gram and not with kilogram. 
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Appendix 8 



DEPARTMENT OF COMMERCE 
National Bwrcav of Standonfe 

CUSTOMARY SYSTEM OF WEIGHTS AND MEASURES 
CoiNnorcial Wtifllili and Mooiurai UniH 



By vinue of the auchorhy vested in the Secfemy el ComiBcrcc 

by 15 US.C. 272 ir.d dctcRitccI r > rhc K.irii n.i! Bureau of Sundards 
by Dcpariman Order VO-A, the Buu,iu i> i.)i;iri;iil with thr rcsponii- 
billty for "The custody, IDaiQtcnanLC, ariil J:.-. I -pincnr of the 
Duioiaal staadacds of mcMnreincat, * * *." The mcthixl employed 
for dlssemtottiog iiifiDrtn<tion on weighn and measitrei nnlts has 

been through rfTi^i.il RurL-an nf S'.iiiJ.irtls I iiMi\.iri.:as. 

However, all sucli units, h^vc never been inuii cogiichcc in any 
Federal legislation or in the FafMiAL Rgoistek. On February 
27, 1968, in the House Committee oo Science and Astronautics 
Report No. 1107, *ccotnp>nying H.R. 130JS, legislation to repeal 
the Standard Container A t .f Anoint 31, 1916 (39 Star. 673; 15 
U.S.C. 251-256), and the St ind;,rd Container Act of May 21, 1928 
(45 Stat. 685; 15 U.S.C :'i7 .' '>:i). and amend the Fair Packaging 
and Labeling Act of November 3, 1966 QX) Stat. 1296; 15 U,S.C. 
14S0» die following Committee view was expfeised: 

Testimony revealed that although standard weights and measures 
ate <lc&ic4 to publkatioot by the Bureau of Standard)!, these dehoi- 
tloOS «ie not defined hy law nor have they been pnbKshcd tO thc 

I<hi»RAi. Rbcistr«. Cooteqoeaily, the C ommi tte e noamBca^ that 
the Secretary uf Commetce eaose to be published in die FmuuA 

ReotsTER a listing of thc common weights and measures used in 
normal commerce Uuoaghout (be United States and relate them to 
thc staadattis developed ia accotdaacc with esistlaf bw, 13 VJ6.C 
272. 

G>mmcfctal nnitt of weight and measure in common use are based 

on thc yard and the avoirdupois f mnJ Thc v.ird and avoirdupois 
|X)und were last defined in thc Fumhal Riu>mtbr of July 1, 1959, 
in terms of thc national standards of length and mass : Thc meter and 
the National Stoiotype Kilo^am. From the two units, the yard and 
the pound, ate derived all other 13.S. Cutomaty imldple and 
b.;bniu!tiDle twits that will be found in ordinary cvmmcice. Tli^ 
arc defined as; 

1 yafd«a914 4 ncicr > 

1 pound <avoirdupoii)»0.4S3 391 37 ldh)|ram * 

LINEAR MEASURE 
U S CUSTOMARY 

12 mcliii — 1 ti>ot=0.j04 S meter ' 

3 fcct = l yard = 0.914 4 meter ' 

3,2M) leet=l statute miie=l,609 ItiloiBietcta 

«jm.m fcct-1 tetefnadoaal Nautical Milc«l.a32 kilometen > 



MFnuc 



lOmillinetcrt^l centimcier 

10 «iirimi-t;-r> — 1 <i: cimecst 

10 Hi: let* = 1 dckamctcr 
lOdckameters"! Iicctometer 
10 hecionKiici— 1 Idlemeter 



.\REA MEASURE 
VS, CUSTOMARY 

144 square Inches =1 sqtiate footsO.092 9 square fflttcr 
V ..lu.irc fL: r = l square yard =0.836 1 square meter 
43,560 square fcet = l acre =0.404 7 hectare 
640 acres = 1 square mile = 2 59 hectatea 
1 square milessl section = 259 bectatn 
36 sectioniail township =^ 932 4 hectaici 

METRIC 

100 square millimeters =1 square centimeter 
10,000 aqnare centimeters =1 square oclet 

100 square meters ^1 are 

100 aics=l hectare 

100 hectatcs^l square Idlameier 

WEIGHT 
U.S. CUSTOMARY (AVOIRDUFOB) 

437.5 graias"»l ounce— 28.3';9 j griiiii 
7,000 gtains»l pound=0.433 592 37 kiiofiam 
16 t»aKea»l pound=0.4S3 592 37 leUogram 

2,000 jxniri J> - 1 shnrt tor. - r!.907 1 metric ton 
2,240 pounds=l long ton = 1.016 metric (oim 



METRIC 



' Denotes exact figures. 



10 aiillifcaffls= 1 centigram 
10 ceodgramsKsl dedgnm 

10 Jccigrams = I gram 
10 grams ~1 dekagram 
10 delcaginmsBl hecMgram 

10 hectograms = 1 Icilogram 
1,000 kilograms=l metric too 



nmiM Mmsmi, vol. »*. no. i4«— «ATUtDAr, juiv v, if*t 
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Appendix 8 — Continued 



CAFACmr. OR VOLUME, LIQUID MBASUKB 
U.S. CUSTOMARY 

4 ftrU omieet='l gai=«0.ns 3 Km 

f — 1 pint r>.473 2 lircT 
1 pints =1 quart =0.946 4 iitCT 

MBIUC 

10 milliliters ^1 centiliter 
10 ccnriliiers = 1 decilitcf 
10 deciliters =1 liter 
10 )iccn=l dckaliicr 
10 dduliien=l hcctoUKr 
tOluctali«cn»l Idloliter 

CAPACITY, OR VOLUME, DRY MEASURE 

UA.CVStObAAMY 

I bushel =2,150.42 cubic inches = 35.239 1 Uten 
I dry pints ==1 dry quart = 1.101 2 liters 
8 dry quans = 1 |xck =8.809 8 liters 

4pcck<:"-l hu'hcl 35.2>9 ! liters 

The accepted voluaic of a barrel in the United Stitci varies 
l^goifiCMtly depending both on the commodity for which it is used 
and oo bow it is defioed in State law (yuyiag horn Strnte-OHSute). 

METRIC 

The volumctiic uoits are the same for both liquid and dry measure 
In ibe Metric Sptein. 

Cubic t4iMDn 
U.S. CotTOMA»y 

1.728 cubic inches =1 cubic foot=OU)28 316 8 cubic meter 
Xr cnbk fcet-1 cbUc 7«fdaO,764 SS4 9 citUe i 



1,000 cubic millimeters = 1 cubic cettrimctcr 
1,000 cubic centimeters =1 cubic decimeter 
1,000 cubic dedtncteti"! cnUc meter 

Svactu Virnt 

The noil lucd for the sale of firewood is the cord of 126 cubic feet. 

The unit used for the sale of precious stones is the Metric Carat 
of 200 milligrams. 

Tiic uoits used for over-tlK-coimccr ssics of ptccioas metals io 
dw United States are ttagrmitn. 

Tmht WnaoT 

24 grains =3 1 pennytveight= 1.555 17 grams 

20 peaayweifhts^l ouocc troy=31>103 47 grams 

12 onnces t>oy ^1 pcnrnd troyBO.373 242 Ulognm 

The apothcL incs \\ sic-n of units, onfc- wid.ly i::>cj m tin- l.'nired 
Statea for pharmaceutical purposes, is now used only very little. 
UMfc of the Metric Sjrstcm bas eqilwed the apothecaries S7*tcii> ac 
the maauHicturing lercl, aod at moat ol the retail leveL 

ELBCTRlClTr AND NaTUKAI. GaS 

Whea a coosomer is billed for luviog used clectticgr, wlut has 
beta soU U eleettleal cocrgf , and that energjr U exptettaed In tetna 

of kilowatt-hours. One Hlowatf hour cqiuJ? VfW.OOO joules (the 
ionic is the unit of energy in the international System of Units}. 

GMtumption of natural ga-. normally is ez|KSsed M Icxins o( 
thema. One therm equals 103,480.400 joules. 



Dated:Jnly 15, 196a. 

A. V. A«nH, Omtftr. 
[F.R. Doe. <S-a9S3i Flkd. Jnijr IMS; BiAS a.iB.1 
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Appendix 9 



DEPARTMENT OF COMMERa 

NqHomiI Bvimm of StaiHkMdi 

CUSTOMARY SYSTEM OF WEIGHTS AND MEASURES 
Commercial Wcislils and Mcosurat Uoii* 



In the Fbdual ilaoitTBk of July 27, 196& 03 F& 10733). the Na- 
tKNul Bgranx of Standanfa, ifi Mxotduwe with « recoauncodatiaa 

of the House Conunijt-c on Science and Astronajtits ju-l pursuant 
to the ictponsibilit^ of the Natiuu^l Buiiiau u£ StaudarJs for "the 
CattO^tlDauitcnaace, and development of the national standards of 
iiManirancnt" 05 U.S.C. 27Z). pobliahcd a littiog of the conunoo 
-weights tad Totuam med io normal commerce dmofthoiit the 

United States, .iml r^hrci theni to the standards J'jvoloixd in 
attordaacc with existing law. In connection with the nauce of 
Jlll]r27, 1968, the followiog explanatory nuccrial will assist in the 

piopcr iBieriiictatjoa »ad mplkatuui of the data in coloiaa ihrcc 
under "Ltnear Measnrcment, IJJS. Cmtemuf," and under "Area 

Measurement, U.S. Cunoman "- 

At the July 27, 1968 notice ir.i;rs, all U.S. Cuitomary Units of 
linear and area tncasurcmeot that will be found in ordinary COW- 
netee ate derived from the jati. The yatd way la«t defined in a no- 
tioehi theFn»aAi,RBaiim of Jfulr 1, 19S0CM SMft). as hcfaif 
exactly equal toO.914'1 meter. 

The foot defined by the equations: 

3 faetail jranlaiO.9144 neter, exaetly 
1 fi)W«(OJMI OMtcr* cxacdjr 

is known as the latcrnational Foot. Io addition, thejnljr 1, 1959 

notice defines the U.S. Survey Foot as follows; 

1200 

I tnrvey toot meter, exactly 

or 

1 snrvqr fbocsO.304 800 a mast, fpaedmtdT 



Accordinfly, it it nceeuaty to diffetcadate between the iata» 
tional feet, used fir cngfaieerinf, and tlK U.S. turver feoc, used fiir 

mapping and land mcx-,::tciT:^-r.t Th: metric equivalents listed in the 
July 27, 196d auticc for land measurements: statute nile (U.S. 
survey mile), acre, square mile, section, and township are approxi- 
flute; mettic eqnivaloio to ntore iifDtcs can bedeteonined firoD the 
mrcy Coot. For example, the U.S. tanef mile equal* 1M9 347 
kilomcfcf v, apprnximart-K , ■.vlurc.is the intemati'sn.il mile equals 
1.609 344 kilometers, exactly. Metric eqoivaicots of all surveyor's 
units, e.g., links, roda, aad diaioa, ace doited from iIm torvey foot. 
The rc l.nionship 

1 mccrnacional nautical miJc=1.8}2 kilomcccn 

is exact, but the relationship 

6 OnS.US iBccnutiaiial ieet^l iaKnatiaiul aaotkal nJle 

is not exact. 

Dated: Jamuty 17, 197S. 

KjCRasv W. ftoKRx is, 

Dirtatr. 



Nonk— This document ia republished from the itsae of Jaaaaiy 22, 
1975 C«FR 348^ 

^ Doc 73-2011 Filed l-21-7Si 8:45 am] 
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